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SAFETY SUMMARY 


The following general safety precautions must be observed during all phases of operation, service, and repair of this 
instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates 
safety standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes nid 
liability for the customar’s failure to comply with these requirements, This is a Safety Class 1 instrument. 


GROUND THE INSTRUMENT 


To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec- 
trical ground, The instrument is equipped with a three-conductor ac power cable. The power 
cable must either be plugged into an approved three-contact electrical outlet or used with a 
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an 
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the 
power cable meet International Electrotechnical Commission (IEC) safety standards. 


DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE 


Do not operate the instrument in the presence of flammable gases or fumes. Operation of any 
electrical instrument in such an environment constitutes a definite safety hazard. 


KEEP AWAY FROM LIVE CIRCUITS 


Operating personnel must not remove instrument covers. Component replacement and internal 
adjustments must be made by qualified maintenance personnel. Do not replace components 
with power cable connected. Under certain conditions, dangerous voltages may exist even with 
the power cable removed. To avoid injuries, always disconnect power and discharge circuits 
before touching then. 


10 NOT SERVICE OR ADJUST ALONE 
Do not attempt internal service or adjustment unless another person, capable of rendering first 
aid and resuscitation, is present. 


DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT 


Because of the danger of introducing additional hazards, do not install substitute parts or per- 
form any unauthorized modification to the instrument. Return the instrument to a Hewilett- 
Packard Sales and Service Office for service and repair to ensure that safety features are main- 
tained. 


DANGEROUS PROCEDURE WARNINGS 


Warnings, such as the example below, precede potentially dangerous procedures throughout 
this manual. Instructions contained in the warnings must be followed, 


Dangerous voltages, capable of causing death, are present in this instrument. Use ex- 
treme caution when handling, testing, and adjusting. 


SAFETY SYMBOLS 


General Definitions of Safety Symbols Used On Equipment or In Manuals. 


A 


Instruction manual symbol: the product will be marked with this 
symbol when it is necessary for the user to refer to the Instruction 
manual in order to protect against damage to the instrument. 


Indicates dangerous voltage (terminals fed from the interior by 
voltage exceeding 1000 volts must be so marked). 


Protective conductor terminal. For protection against electrical 
shock in case of a fault. Used with field wiring terminals to in- 
dicate the terminal which must be connected to ground before 
operating equipment. 


Low-noise or noiseless, clean ground (earth) terminal. Used for a 
signal common, as well as providing protection against electrical 
shock in case of a fault. A terminal marked with this symbol must 
be connected to ground in the manner described in the installation 
(operating) manual, and before operating the equipment. 


Frame or chassis terminal. A connection to the frame (chassis) of 
the equipment which normally includes all exposed metal struc- 
tures. 


Alternating current (power line). 
Direct current (power line). 


Alternating or direct current (power line). 


The WARNING sign denotes a hazard. It calls attention to a pro- 
cedure, practice, condition or the like, which, if not correctly per- 
formed or adhered to, could result in injury or death to personnel. 


The CAUTION sign denotes a hazard. It calls attention to an 
operating procedure, practice, condition or the like, which,if not 
correctly performed or adhered to, could result in damage to or 
destruction of part or all of the product. 


The NOTE sign denotes important information. It calls attention 
to procedure, practice, condition or the like, which is essential to 
highlight. 
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General Information 


SECTION | 
GENERAL INFORMATION 


1-1. INTRODUCTION, 


1-2. The Operating and Service Manual contains infor- 
mation required to install, operate, test, adjust, and serv- 
ice the Hewlett-Packard Model 3325A Synthesizer/Func- 
tion Generator. The Operating Manual supplement is a 
copy of the first three sections of the Operating and Serv- 
ice Manual, plus the Operational Verification procedures 
from Section IV. The supplement should be kept with 
the instrument for use by the operator. The part num- 
bers of both the Operating and Service Manual and the 
Operating Manual supplement are shown on the title 
pages. 


1-3, Also shown on the title page of this manual is a 
Microfiche part number. This number can be used to 
order 4 x 6 inch transparencies of the Operating and 
Service Manual, Each Microfiche contains up to 96 
photo-duplicates of the manual pages. The Microfiche 
package includes the latest Manual Changes supplement 
as well as pertinent Service Notes. 


1-4. Additional copies of the Operating and Service 
Manual, Operating Information Supplement, or Service 
Notes can be ordered through your nearest Hewlett- 
Packard Sales and Service Office. (A list of these offices 
is provided at the end of this manual.) 


1-5. INSTRUMENT DESCRIPTION. 
1-6. The Model 3325A Synthesizer/Function Generator 


produces the following signals at a minimum frequency 
of 1 wHz and maximum frequency of: 


sine wave 20 MHz 
Square wave 10 MHz 
Triangle 10 kHz 
Positive slope ramp 10 kHz 
Negative slope ramp 10 kHz 


Frequency may be selected with up to eleven digits of 
resolution. Output amplitude is 1 mV to 10 V peak-to- 
peak. The output level may also be selected or displayed 
in V rms or in dBm (50 ohms). Any function may be de 
offset up to +4.5 V, or the output may be de only up to 
+5 V. An optional high voltage output produces up to 
40 V p-p into = 500 ohms load. 


1-7, Frequency sweep of all functions is provided in 
linear or log sweep, at sweep times of 10 milliseconds to 
99.99 seconds for linear sweep. Maximum time for log 
sweep is 99.99 seconds and minimum time is 2 seconds 
for single log sweep and 0.1 second for continuous log 
sweep. Single linear sweep may be up or down, while 
continuous sweep is up/down/up, ete., in the linear 
mode and up/up, etc., in log mode. 


1-8. The Model 3325A is fully programmable through 
the rear panel Hewlett-Packard Interface Bus (HP-IB) 
connector. A device such as a programmable calculator 
is capable of remotely controlling the 3325A. Interface 
information is given in Section II of this manual, and 
programming information 18 in Section IIE. 


1-9. SPECIFICATIONS. 


1-10. Instrument specifications are listed in Table J-1. 
These specifications are the performance standards or 
limits against which the instrument is tested. Any 
changes in specifications due to manufacturing, design 
or traceability to the U.S. National Bureau of Standards 
are included in Table 1-1 of this manual and/or the 
Manual Changes Supplement. 


1:11. SUPPLEMENTAL OPERATING INFORMATION. 


1-12, Table 1-2 contains information describing general 
operating characteristics of the 3325A, This informa- 
tion is supplemental operating information and is not to 
be considered as specifications. 


1-13. REMOTE CONTROL, 


1-14. Table 1-3 lists the HP-IB interface capabilities of 
the Model 3325A in conformity with TERE Standard 
488-1978, ‘Standard Digital Interface for Programmable 
Instrumentation’. HP-IB response times are given in 
Table 1-4. 


1-15. OPTIONS. 


1-16. The following options extend the frequency 
stability and output amplitude capabilities of the Model 
3325A: 


Option 001 
Option 002 


High Stability Frequency Reference 
High Voltage Output 


The following options indicate the line voltage to which 
the instrument was set at the factory: 


Option 100 Nominal 100 V ac 
Option 120 Nominal 120 V ac 
Option 220 Nomina! 220 V ac 
Option 240 Nominal 240 V ac 
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Table 1-1. Specifications. 


FUNCTIONS AND FREQUENCIES AMPLITUDE 
Amplitude Accuracy with no Attenuation (Attenuator 
Sine Wave: range 1) into 50 ohm Load. (No D.C. offset) 
Signal Output (Front or Rear Panel): 
0.000 001 Hz to 20 989 999.999 Hz Function and Tolerance relative to 
frequency range programmed amplitude 


Auxiliary Output (Rear Panel): 


21 000 000.000 Hz to 60 999 999.999 Hz Sine Wave 
Underrange to 19 000 000.001 Hz .001 Hz to 100 kHz 


S Wave: 0.000 00 Square Wave 
quare Wave 1 Hz to 10 999 999.999 Hz ‘001 Hz to 100 kHz 
Triangle: 0.000 001 Hz to 10 999.999 999 Hz Triangle 
4. . .001 Hz to 2 kHz 
Positive and Negative Slope Ramp: 2 kHz to 10 kHz 
0.000 001 Hz to 10 999.999 999 Hz 
Ramps 
FREQUENCY RESOLUTION .001 Hz to 500 Hz 


500 Hz to 10 kHz 


1 »Hz for frequencies below 100 kHz 


1 mHz for frequencies 100 kHz and higher Flatness with no attenuation ‘Tolerance relative to 
(Attenuator Range 1) into programmed amplitude at 
FREQUENCY ACCURACY (Standard Instrument) a 50 Ohm load 1 kHz 


+5 x 10° of selected value (20° to 30°C) Sine Wave 
100 kHz to 20 MHz 


FREQUENCY STABILITY (Standard Instrument) 
Square Wave 
+5 x 10° per year (20° to 30°C) 100 kHz to 10 MHz 


SIGNAL CHARACTERISTICS Amplitude accuracy with Tolerance relative to 
D.C. offset and no programmed amplitude. 
Sine Wave: attenuation (Range 1} into 
Harmonic Distortion relative to the amplitude of the a 50 ohm load. 
fundamental frequency at full output on each range 
Sine Wave 
Fundamental No Harmonic 
Frequency Greater Than 
Square 
0.1 Hz to 50 kHz —65 dB .001 Hz to 100 kHz 
50 kHz to 200 kHz -—60 dB 
200 kHz to 2 MHz -—40 dB Triangle 
2 MHz to 15 MHz —30 dB .001 Hz to 2 kHz 
15 MHz to 20 MHz -25 dB 2 kHz to 10 kHz 
: . . Ramps 
Spurious: All non-harmonically related output signals will .001 Hz to 500 Hz 
be more than 70dB below the carrier {-60dB with DC off- 500 Hz to 10 kHz 


set}, or less than -90dBm, whichever is greater. 


Phase Noise: = -60dB (Option 001 Only) for a 30kHz 
band centered on a 20MHz carrier (excluding + 1Hz 
about the carrier). 


Attenuator Accuracy (these Tolerance relative to 
errors are additive with the programmed amplitude. 
amplitude accuracy errors) 


Square Wave: .001 Hz to 20 kHz 
Rise/Fall Time: s 20 nanoseconds, 10% to 90% at full Attenuator Henge } 
ott .001 Hz to 100 kHz 
Symmetry: < .02% of period + 3 nanoseconds ace ee 

throu 
Overshoot: < 5% of peak to peak amplitude at full output ke 
Triangle: 100 kHz to 10 MHz 
Attenuator ranges 
Linearity, 10% to 90%, best fit straight line: 2 through 8 
+ 0.05% of full p-p output for each range 
10 MHz to 20 MHz 

Ramps (Positive or Negative Slope}: Attenuator ranges 

Linearity, 10% to 90%, best fit straight line: + 0.05% Pecan ay 
f full p-p output for each range posphoesticetl pe 
o g 5 through 8 


Retrace Time: = 3 microseconds, 90% to 10% 
Ramp Period Variation: < + 1% of period, maximum 


1-2 


Model 3325A 


General Information 


Fable 1-1. Specifications (Cont'd). 


Accuracy of DC Offset (into 50 ohms): 


DC Only (No AC Function}: + 0.4% of full peak out- 
put for each range* 


*Except lowest attenuator range where accuracy is + 
20 pV. 


DC + AC, <1 MHz: +1.2%, Ramps +2.4% 


DC + AC, >1 MHz: +3% 
AMPLITUDE MODULATION (of Sine Function only) 


Modulation Envelope Distortion: - 30 dB to 80% modula- 
tion at 1 kHz, O V de Offset 


PHASE OFFSET 


Range: + 719.9° with respect to arbitrary starting 
phase, or assigned zero phase 


Resolution: 0.1° 

Stability: + 1° phase/°C 

increment Accuracy: +0.2° 
PHASE MODULATION 


Linearity (Sine Function): +0.5%, best fit straight line 


SYNC OUTPUT 


Output Levels into 50 ohms: 
Square wave with Vaigh 2 + 1.2V,V,, 5 + 0.2V 


X ORIVE OUTPUT 


Amplitude: 0 to +140 V dc linear ramp proportional to 
sweep frequency (sweep up only} 


Linearity, 10% to 90%, best fit straight line: 
+0.1% of final value. Specified for all linear sweep 
widths which are integra} multiples of the minimum 
sweep width for each function and sweep time. 


OPTION 001 
HIGH STABILITY FREQUENCY REFERENCE 


Ambient Stability: +5 x 10° (0° to 55°C referenced to 
+ 30°C) 


Aging Rate: +5 x 10°8 per week (after 72 hours 
continuous operation) 
+1 x 107 per month (after 15 days 
continuous operation) 


OPTION 002 
HIGH VOLTAGE OUTPUT 


Frequency Range: 
Sine and Square Wave: 1 pHz to 1 MHz 
Triangie and Ramps: 1 g#Hz to 10 kHz 


Amplitude: 
Range: 4mVp-p to 40Vp-p (= 5000, < 500pF load) 
maximum output current, + 40mA 


Accuracy {at 2 kHz}: + 2% of full output for each 
range 


Flatness: + 10% of programmed amplitude 


DC Offset: 
Range: 4 times the range of the standard instrument 


Accuracy: +(1% +25 mV) of full output for each 
range 


Signal Characteristics: 
Sine Wave Harmonic Distortion (relative to the fun- 
damental frequency at full output into = 500 ohms, 
< 500 pF) 


No Harmonic 
Greater Than 


Fundamental 
Frequency 


10 Hz to 50 kHz 
50 kHz to 200 kHz 
200 kHz to 1 MHz 


— 65 dB 
— 60 dB 
— 40 dB 


Square Wave: 


Rise/Fall Time: = 125 nanoseconds, 10% to 90% at 
full output with = 500 ohm, < 500pF load 


Overshoot: < 10% of peak amplitude with = 500 
ohm, < 500 pF load 


Table 1-2 Supplemental Information 


MAIN SIGNAL OUTPUT 
50 2 Impedance 


BNC Connector, switchable to front or rear panel (not 
switchable with Option 002) 


May be floated a maximum of +42 V peak (ac + dc) 
from chassis (earth) ground 


Amplitude Ranges: 
All AC Functions (with no de offset): 


Attenuation 


Amplitude 
Factor (Peak-to-Peak) 


10.00 V to 3.000 V 
2.999 V to 1.000 V 
999.3 mV to 300.0 mV 


30 293.9 mV to 100.0 mV 
100 99.99 mV to 30.00 mV 
300 29.99 mV to 10.00 mV 

1000 9.999 mV to 3.000 mV 
3000 2.999 mV to 1.000 mV 


DC Offset Only: 


Attenuation Amplitude 
Factor (Peak-to-Peak} 


5.000 V to 1.500 V 
1.499 V to 500.0 mV 
499.9 mV to 150.0 mV 
149.9 mV to 50.00 mV 
49.99 mV to 15.00 mV 
14.99 mV to 5.000 mV 
4.999 mV to 1.500 mV 
1.499 mV to 1.000 mV 
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Table 1-2. Supplemental information (Cont'd). 


AC Function with DC Offset: 


Attenuation AC Function 
Factor Amplitude (p-p) 


9.998 V to 1,000 V 
999.9 mV to 333.4 mV 
333.3 mV to 100.0 mV 
99.99 mV to 33.34 mV 
33,33 mV to 10.00 mV 
9.999 mV to 3.334 mV 
3.333 mV to 1.000 mV 


High Voltage Output Option 002: 
Amplitude and Ranges: 4 times the standard instru- 
ment amplitudes 


Output impedance: <2 2 at DC to <10 2 at 1 MHz 


Square Wave Settling Time: <1 ys to settle to within 
.05% of final value for frequencies of 10 Hz to 500 kHz, 
tested at full output with no load 


FREQUENCY SWEEP 


Sweep Time: 
Linear Sweep: 0.01 second to 99.99 seconds (single 
or continuous) 


Log Sweep: 
Single Sweep: 2 seconds to 99.99 seconds 
Continuous Sweep: 0.1 second to 99.99 seconds 


Maximum Sweep Width: 1 Hz to maximum frequency of 
the function selected 


Minimum Sweep Width (Linear): 


Minimum Sweep Width 


Sweep Time Sweep Time 
Function 0.01 second {| 99.99 seconds 


Sine 0.1 mHz 999,39 mHz 
Square 0.05 mHz 499,5 mHz 
Triangle 0.005 mHz 49.95 mHz 
Ramps 0.01 mHz 99.99 mHz 


Minimum Sweep Width (Log): 1 decade 


Phase Continuity: Sweep is phase continuous over the 
full frequency range 


WARMUP TIME 


Standard Instrument: 20 minutes to within specified ac- 
curacy 


Option 001 High Stability Frequency Reference: 
Reference will be within +1 x 10°7 of final value 15 
minutes after turn-on at 25°C for an off time of less 
than 24 hours 


AUXILIARY INPUTS (May be floated a maximum of +42 V peak (ac + de} 
trom chassis [earth] ground) 


Reference: For phase-locking the 3325A to an external 
frequency reference of 10 MHz or a subharmonic of 
10 MHz down to 1 MHz. Level must be 0 d8m to 
+20 dBm into 50 ohms. Rear panel BNC connector, 


Maximum DC 
{+ or —} 
1.000 mV to 4.500 V 1.000 mV 
1.166 V to 1.499 V 0.100 mV 
333.3 mV to 450.0 mV 0.100 mV 
116.6 mV to 149.9 mV 0.010 mV 
33.33 mV to 45.00 mV 0.010 mV 


11.66 mV to 14.99 mV 0.001 mV 
3.333 mV to 4.500 mV 0.001 mV 


Amplitude Modulation Input (Sine Function Only): 


Modulation depth at full output for each range: 
0 to 100% 


Modulation frequency range: DC to 500 kHz (0 to 
21 MHz carrier frequency) 


Sensitivity: 5 V peak for 100% modulation 
input Impedance: 10 kQ 
Connector: Rear panel BNC 


Phase Modulation: 
Modulation Frequency Range: DC to 5 kHz 


Modulation Depth 
Function Depth {+ or —} 
Sine 
Square 
Triangle 
Ramps 
Input Impedance: 20 kQ 


Connector: Rear panel BNC 


AUXILIARY OUTPUTS (May be floated a maximum of +42 V peak [ac + de] 
from chassis [earth] ground) 


Auxiliary Frequency Output (ac coupled output): 


Frequency Range: 21 MHz to 60.999 999 999 MHz, 
with underrange coverage to 19.000 000 001 MHz 


Amplitude: 0 dBm 
Output Impedance: 50 ohms 
Connector: Rear panel BNC 


1 MHz Reference Output (for phase-locking other in- 
struments to 3325A): 


Amplitude: 0 dBm 

Output Impedance: 50 ohms 

Connector: Rear panel BNC 
Marker Output (Linear sweep only): 


Levels: High to Low TTL compatible voltage transition 
at selected marker frequency, sweep up only. 


Connector: Rear panel BNC 
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X Drive Output (Sweep up only}: 


Amplitude: O to + 10 V linear ramp proportional to ; 


sweep frequency 
Connector: Rear panel BNC 


Z Blank Output: 
Levels (TTL compatible voltage ‘evels): 
Linear Sweep: 
Single: Low at start of sweep, High at stop. Re- 
mains High until start of next sweep. 


Continuous: Low during sweep up, High during 
sweep down. 


Log Sweep: 
Single: Low at start of sweep, High at stop. Re- 
mains High until start of next sweep. 


Continuous: Low during sweep. Goes High 
momentarily at stop frequency. 


10 MHz Oven Reference Output, Option 001, for phase 
locking the 3325A to the optional high stability frequency 
reference: 


Amplitude: 0 dBm, 50 ohms 


Connector: Rear panel BNC. Must be connected to 
the rear panel EXT REF fN connector, 


REMOTE CONTROL 


Hewlett-Packard Interface Bus (HP-iB} Control: (HP-IB is 
Hewlett-Packard Company’s implementation of IEEE Stan- 
dard 488-1978). Time shown is in addition to programming 
time. 


The following accessory options are also available for 
the Model 3325A: 


Option 907 Front Handle Assembly 

Option 908 Rack Mount Flange Kit 

Option 909 Rack Mount Flange Kit/Front 
Handle Assembly 

Option 910 Additional Operating and Service 


Manual 


1-17. ACCESSORIES SUPPLIED. 


1-18. A special connector is supplied with the High 
Stability Frequency Reference Option 001 for connect- 
ing the rear panel Reference Output to the Reference In- 
put. This connector is Part No. 1250-1499. 


Frequency Switching and Settling Time:* 


<10 ms to within 1 Hz of final value for 100 kHz span 


<25 ms to within 1 Hz of final value for 1 MHz span 


<70 ms to within 1 Hz of final value for 20 MHz span 


Phase Switching and Settling Time:* 
< 15 ms to within 90° of phase lock for 20 MHz fre- 
quency change 


Amplitude Switching Time: * 
<30 ms to within amplitude specifications 


*Times shown are in addition to programming time 


GENERAL 


Operating Environment: 


Temperature: 0° to 55°C 
Relative Humidity; <95%, O° to 40°C 
Altitude: = 15,000 ft. 


Storage Temperature: —50° to + 75°C 
Storage Altitude: < 50,000 ft. 


Power Requirements: 


100/120/220/240V + 5%, ~ 10%,48 to 66 Hz 
60 VA, 100 VA with all options, 10 VA standby 


Dimensions in millimeters and (inches): 


132.6 (5%) high x 425.5 {16%} wide x 497.8 
(19-5/8) deep 


Weight in kilograms and (Ibs): 


Net weight: 9{20) 
Shipping Weight: 14.5 (32) 


1-19. ACCESSORIES AVAILABLE. 


1-20. The following accessories are available for use 
with the Model 3325A: 


Description 


11048C 
113S6A 
03325-80001 


03325-80002 


5061-0077 
5061-0083 


5061-0089 


50 ohm Feedthru Termination 
Ground Isolator 


Oven Board Assy. (Converts 3325A to 
Option 001) 


High Voltage Option (Converts 3325A 
to Option 002) 


Rack Mount Flange Kit (Option 908) 


Rack Mount Flange/Front Handle Kit 
(Option 909) 


Front Handle Kit (Option 907) 
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1-21. INSTRUMENT AND MANUAL IDENTIFICATION. 


1-22. The instrument serial number is located on the 
rear panel. Hewlett-Packard uses a two-section serial 
number consisting of a four-digit prefix and a five-digit 
suffix, A letter between the prefix and suffix identifies 
the country in which the instrument was manufactured 
(A=USA, G= West Germany, J= Japan, U=United 
Kingdom). All correspondence with Hewlett-Packard 
concerning this instrument should include the complete 
serial number. 


1-23. The serial number prefix is the-same for all iden- 
tical instruments and changes only when a change is 
made to the instrument. The suffix is assigned sequen- 
tially and is different for each instrument. If the serial 
number of your instrument is lower than the serial 
number on the title page of this manual, refer to Section 
VII, MANUAL CHANGES, for the information that 
will adapt this manual to your instrument. This is 
especially important if the serial prefix of your instru- 
ment is different than the one shown on the title page of 
this manual. An instrument manufactured after the 
printing of this manual may differ in some respect from 
the information in this manual. In this case, a yellow 
Manual Changes supplement included with the manual 
explains how to adapt the manual to your instrument, 


1-24. SAFETY CONSIDERATIONS. 


]-25. To ensure safe operation and to retain the instru- 
ment in a safe condition, this Operating and Service 
Manual contains information, cautions and warnings 
which must be adhered to by the user or service person- 
nel, 
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Tabia 1-3. HP-IB Interface Capability, 


Source handshake capability 

Acceptor handshake capability 

Basic talker; Serial poll; Unaddressed to talk 
if addressed to listen 

Basic listener: Listan only; Unaddressed to 
listen if addressed to talk 

Service Request capability 

Remote/Logal capability 

No parallel! poll capability 

Device Clear capability 

No device trigger capability 

No controller capability 
Open collactor bus drivers 


1-26. The symbol /\ appearing on the front or rear 
panel of the 3325A is an international symbol! meaning 
“refer to the Operating and Service Manual’’. The sym- 
bol identifies important instructions required to prevent 
damage to the instrument. To ensure the safety of the 
operating and maintenance personnel and retain the 
safe operating condition of the instrument, these in- 
structions must be adhered to. 


1-27. RECOMMENDED TEST EQUIPMENT. 


1-28. Equipment required to maintain the Model 3325A 
is listed in Table 1-5. Other equipment can be 
substituted if it meets or exceeds the critical specifica- 
tions listed in the table, 


Model 3325A General Information 


® Table 1-4, HP-IB Response Times. 
Input Data Devica Output Data 
Function Mnemonic Transter Time Time Transfer Time 
Fell i nn ee 
Function (Waveform) FU 450-500 us 1600 ms 450-500 ns 
1 Digit 225-250 us 2.8 ms 225-250 ps 
R 


Frequency F 450-500 us 7.0 ms 450-500 ps 
#11 Digits + Decimal 225-250 ws each | 2.8 mseach | 225-250 as each 
Delimiters HZ. KA, or MH 450-500 us 12.5 ms 450-500 us 

Amplitude AM 450-500 us 6,8 ms 450-500 us 
#4 Digits + Decimal 225-250 ps each 2.8 ms each 225-250 ws each 
Delimiters VO or MV 450-500 zs 90 ms 450-500 us 

VA or MR 450-500 ps 130 ms 450-500 xs 
DB 450-500 us 250 ms 450-500 gs 

OC Offset OF 450-500 ps 6.8 ms 450-500 ys 
#4 Digits + Decimal 225-250 us each 2.8 ms each 225-250 ws each 
Delimiters VO or MV 450-500 us 82 ms 450-500 ps 

Phase 450-500 us 5 ms 450-500 us 
#4 Digits + Decimal 225-250 ps aach | 2.8 mseach | 225-250 zs aach 
Delimiter 450-500 ps 28 ms 450-500 us 

Sweep Start Frequency ST 450-500 ps 7.0 ms 450--500 us 
=11 Digits + Decimal 225-250 ps each 2.8mseach | 225-250 us each 


Delimiters HZ, KH, or MH 450-500 ps 10.3 ms 450-500 us 


Sweep Stop Frequency SP 450-500 us 7.0 ms 
=11 Digits + Decimal 225-250 us each 2.8 ms each 
Delimiters HZ, KH or MH 450-500 ps 10.3 ms 


450-500 ps 
225-250 us each 
450-500 ps 


Sweep Marker Frequency MF 450-500 us 7.0 ms 450-500 us 
2141 Digits + Decimal 225-250 us each 2.8 ms each 225-250 ys each 
Delimiters HZ, KH or MH 450.500 us 10,3 ms 450-500 us 


®@ Sweep Time 


TI 450-500 us 5.5 ms 450-500 ps 
=4 Digits + Decimal 225-250 ws each 2,8 ms gach 225-250 us each 
Delimiter SE 450-500 ps 7.0 ms 450-500 us 


450-500 gs 
s 
AC 450-500 ps 
ss 450-500 ps 
: 


225-250 us 3 ms 


av 
wo |_#80-800%6 | 4am | 
« 


Recall 
Assign Zero Phase 


Amptd Gal 


Start Single Sweep 


Start Continuous Sweep 


Interrogate 


{Add Parameter 
Mnemonic Time) 
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Table 1-5, Recommended Test Equipment. 


Oper. Perf. | Adjust- Trouble: 
Critical Spocifications Ver. Testa | ments shnoting Recommended Model 
X 


Oscilloscope Vertical -hp- 1740A 
Bandwidth: de to 100 MHz 
Deflection: 0.01 V to 10V/div 
Horizontal 

Sweep; 0.05 ys to 1 s/div 
x10 Magnification 

Delayed Sweap 


Electronic Counter Frequency Measurement 
Frequency Range: to 20 MHz 
Resolution: 8 digits 
Accuracy: + 2Z counts 
Tirne Interval Average A to B 
Resolution: 0.1 ns 


Digital Voltmeter BC Function 

Ranges: .1V,1V, 10V, 
100 V 

Accuracy: +.2% 
Rasolution: 4% digits 
AC Function 
Ranges: 1 V, 10 V, 100 V 
Accuracy: + .5% 
Resolution: 4 digits 


OC Function 

Ranges: .1V,1V, 10V, 
100 V 

Accuracy: + .05% 
Rasolution: 6 digits 

AC Function: True RMS 
Ranges: 1 V, 10 V, 100 V 
Accuracy: + .2% 
Resolution: 6 digits 


-hp- 5328A with Opt 01 
and 040 or 041 


tee 
x -hp- 3466A 
x -hp- 34554 
x -hp- 1417/8552B8/8553B/ 

8566A/8568A 

ian 
x -hp- 204C 
‘hp: 3335A 1 MHz-20 
MHz 
Amplitude Range: to 
+7,0 dBm 
Output Impedance: 50 2 
Phase Noise (integrated): 
9.9 MHz: < —63 dB 
20 MHz: < = 70 dB 
Spurious: > 75 dB below 
fundamental 
Double Balanced Mixer Impedance: 500 a -hp- 10534A 
Frequency: to 20 MHz or 1O514A 
1 MHz Low Pass Filter Cut-off Frequency: 1 MHz x F882 1MHz Low Pass 
piers Soe Filter, Impedance 502, 
¥ : C Shape Factor, Metal Can, 
Stopband Freq: 4 MHz-80 MHz BNC’s Allen Avionics, Inc. 
224 E. Second St, Minaola, 
NY 11501 


15 kHz Noise Equlvalant Consisting of: 4 
Filter Resistor: 10 k2 +1% -hp- 0757-0340 
Capacitor: 1600 pF + 5% -hp- 0160-2223 
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5Q0-ohm Load Accuracy: +.2% 
Power Rating: 1 W 


High Frequency Frequency Range: 1 kHz to 
Spectrum Analyzer 100 MHz 
Amplitude Accuracy: +.5 dB 


Low Fraquency Frequency Range: 
Spectrum Analyzer 20H2z-50kHz 
Amplitude Accuracy: +.5 dB 
Spurious Responses: 
80 dB balow reference 


Sine Wave Signal Source Frequency: 1 kHz 
Amplitude: 1 V rams into 20 kQ 
Frequency Range: 


®@ 
han 


Model 3325A General Information 


Table 1-5, Recommended Test Equipment (Cont'd). 


Raquired For 


Critical Specifications 


AC Voltmeter Ranges: 0.1 Vto1V 


Frequency Range: 20 Hz-1 MHz 
Input Impedance: = 1 MQ 


Oper. Perf. | Adjust- Troubte- 
Var, Taste | ments shooting Recommended Madal 
Meter: Log scala 


at _ 
Acc (100 Hz to 10 kHz): + 1% 


Lk + 5% a -hp- 0683-1025 


Oscilloscope Probe Division Ratio: 10 to 1 «hp: 100414 


Impedance: 1 MQ, 12 pE 
DC Power Supply Volts: 0-10 V -hp- 6214A 
Amps: 10 mA 
Floating output 
-hp- 1058 


Frequency Standard Frequency: 5 MHz 

(Required for Option Accuracy: T x 10° 2 

0061 Only) 

Caleulator HP-IB Control Capability -hp- 9825A with 
98034A Interface, 


(Required for 
automatic testing) General I/O ROM, 
Extended I/O ROM 
System Voltmeter DC Voltage: Oto + 10V 
Sample/Hold Measurement 


-hp- 3437A 
External Trigger: Low True TTL 


Edge Trigger 
Trigger Delay: selectable, 10 xs 
to 140 us 


BNC Tea Male-female-female -hp- 1250-0781 
Adapter BNC-to-dual banana plug -hp- 1250-2277 
BNC-to-Triax Adapter Female BNC-to-Male Triax -hp- 1250-0595 


Signature Analyzer Signature: 4-digit hexadecimal 
Characters:Othru 9,4,C,F,H,P,U 
Threshold 
Lagic 1: +2.2V 
Logic 0: +0.5 V 
Clock Frequency: = 1.5 MHz 


Pulse Generator Pulse Rate: 500 kHz 
Pulse Width: = 1 2s 
DC Offset: 1 V 


-hp- 5004A 


-hp- 3312A 


Fraquency: 2 KHz to 20 MHz 
Resistor: 36.52 31% hh W -hp- 0757-0996 


56.20 1% 1/8W i a Tier 0767-0388 
Frequency Response: + 0.05 dB 
Resistor: 13.72 1% % W -hp: 0698-4998 


Thermal Converter Input Impedance: 75 2 ian -hp- 11050A 
2 kHz to 20 MHz 

Resistive Divider Consisting of: 
Resistor: 40.22 1% % W -hp- 0698-5022 
Resistor: 102 1% % W -hp- 0757-0984 


Input Voltage: 0.5 V rms Ht. 
Resistive Divider Consisting of: 
Rasistive Divider Consisting of: 


Rasistor: 3012 1% ’W 


-hp- 0698-7533 


Resistor: 202.1% % W -hp- 0698-6296 


Resistive Divider Consisting of: x 
Resistor: 100 kf? 1% 1/8 W -hp- 0757-0465 
Soecvr aae 162 k2 1% 1/8 W -hp- 0757-0470 


| Termination «| —<SO.ohmFeedthrough im «|| Ss | x | | “hp 110088 
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SECTION Il 
INSTALLATION 


2-1. INTRODUCTION. 


2-2, This section contains instructions for installing and 
interfacing the Model 3325A Synthesizer/Function 
Generator. Included are initial inspection procedures, 
power and grounding requirements, line voltage 
selection, environmental requirements, installation 
instructions, HP—IB connection procedure, and 
instructions for repackaging for shipment. 


2-3. INITIAL INSPECTION. 


2-4. Inspect the shipping container for damage. If the 
shipping container or cushioning material is damaged, it 
should be kept until the contents of the shipment have 
been checked for completeness and the instrument has 
been checked mechanically and electrically. This 
instrument was carefully inspected both mechanically 
and ¢lectrically before shipment. It should be free of mars 
and scratches and in perfect electrical order upon receipt. 
Procedures for checking electrical performance are given 
in Section IV. If there is mechanical damage or defect or 
if the instrument does not pass the electrical performance 
test, notify the nearest Hewlett-Packard Sales and 
Service Office listed at the rear of this manual. If the 
shipping container is damaged or the cushioning material 
shows signs of stress, notify the carrier as well as the 
Hewlett-Packard office. Keep the shipping material for 
the carrier’s inspection. The warranty statement is 
located in the front of this manual. 


2-5. PREPARATION FOR USE. 
2-6. Power Requirements. 


2-7, The Model 3325A requires a power source of 100, 
120, 220, or 240 V ac, +5%, -10%, 48 to 66 Hz single phase. 
Power consumption is 100 VA maximum. 


2-8. Line Voltage Selection. 


Before connecting ac power to this 
instrument, make sure it is set to the line 
voltage of the power source. Also ensure that 
the common connection of the power outlet is 
connected to a protective earth contact. 


The line voltage selection switches are located 
inside the top cover of the instrument. Line 
voltage selection should be done by trained 
service personnel only. To avoid electrical 
Shock, make sure the power cord ts 
disconnected before removing the instrument 
cover. 


2-9, The line voltage selection switches are set at the 
factory to correspond to the line voltage option ordered. 
This information may be found on the rear panel. 


Option Line Voltage Selected 


100 V 
120 V 
220 V 
240 V 


If it is necessary to change the line voltage selection, 
access to the switches may be gained by removing the top 
cover of the 3325A. Make the desired voltage selection as 
shown in Figure 2-1. Be sure to observe the CAUTION in 
Figure 2-1. 


2-10. Power Cable. 


2-1], In accordance with international safety standards, 
this instrument is equipped with a three-wire cable, When 
connected to an appropriate power line outlet, this cable 
grounds the instrument cabinet. The type of power cable 
shipped with each instrument depends on the country of 
destination. Refer to Figure 2-2 for the connector 
configuration and -hp- part numbers of the available 
power cables. 


2-12. HP—IB Connections. 


2-13. Interconnection data concerning the rear panel 
HP—IB connector is provided in Figure 2-3, This 
connector is compatible with the -hp- 10631 (A, B, or C) 
HP—IB cables. The lengths of these cables are as follows: 


10631A } meter 
10631B 2 meters 
10631C 4 meters 
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LINE 
VOLTAGE 


CAUTION 


WHEN CHANGING THE LINE VOLTAGE 
SELECTION, MAKE SURE THE CORRECT 
FUSE 1S INSTALLED FOR FOR THE 
VOLTAGE SELECTED. 


LINE VOLTAGE | FUSE | —hp—-PART NO. 
100/ | 20V 2110-0001 
220/240V i 2110-0012 


AFTER CHANGING LINE VOLTAGE SELECTION, 
BE SURE TO INDICATE ON THE REAR 
PANEL THE NEW VOLTAGE SELECTED. 


3325A-29 


SWITCHES VIEWED FROM 
REAR OF INSTRUMENT 


Figure 2-1. Line Voltage Selection. 
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8120-1361 


~ 260V ~GA* 


FS 


8120-0698 


STO -B-4195 
“UL LISTED FOR USE iN THE UNITED STATES OF AMERICA 


Figure 2-2. Power Cables. 


Up to 15 instruments (including the controller) may be 
connected in an HP—IB system. The HP—IB cables 
have identical stacking connectors on both ends so that 
several cables can be connected to a single source. As a 
practical matter, avoid stacking more than three or four 
cables on any one connector. If the stack gets too large, 
the force on the stack can produce enough leverage to 
damage the connector mounting. Be sure that the 
connector screws are tightened firmly in place to keep it 
from working loose during use, and be sure to observe the 


Section II 


CAUTION of Figure 2-3. 


2-14. Cable Length Restrictions. System components 
can be interconnected in virtually any configuration. 
However, to achieve reliable system performance, proper 
voltage levels and timing relationships must be 
maintained. If the system cable is too long, the lines 
cannot be driven properly and the system will fail to 
perform. The maximum length of cable that can be used 
to connect a group of instruments must not exceed 2 
meters (6.5 ft.) times the number of instruments to be 
connected, or 20 meters (65.6 ft.), whichever is less. 


2-15. 3325A Listen/Talk Address. 


2-16. The 3325A is normally shipped from the factory 
with the listen address set to ASCII character 1; talk 
address Q, The 3325A address switches are located inside 
the top cover near the center of the instrument. The 
possible HP—IB addresses are shown in Table 2-1. Set 
the five switches (marked I through 5) to the correct 
positions corresponding to the ASCII code address 
chosen. The 3325A may be set toa “listen only” condition 
by setting the switch marked LON to the “1” position. Be 
sure to leave the ROM switch in the “1” position. This 
switch is used for troubleshooting only. 


EO] 

REN 

DAV 

NRFD 

NDAC 

IFC 

SRO 

ATN 

SHIELD—CHASSIS GROUND 
P/O TWISTED PAIR WITH PIN 6 
P/O TWISTED PAIR WITH PIN 7 
P/O TWISTED PAIR WITH PIN 8 
P/O TWISTED PAIR WITH PIN @ 
P/O TWISTED PAIR WITH PIN 10 
P/O TWISTED PAIR WITH PIN 11 
ISOLATED DIGITAL GROUND 


THESE PINS 
ARE 
INTERNALLY 
GROUNDED 


STO- 8 - 4090 


The 3325A contains metric threaded HP-IB cable mounting 
studs as opposed to English threads. Metric threaded -hp- 
10637A, B, or C HP-IB cable lockscrews must be used to 
secure the cable to the instrument. Identification of the two 
types of mounting studs and fockscrews Is made by their 
color. English threaded fasteners are colored sliver and metric 
threaded fasteners are colored black. DO NOT mate silver 
and black fasteners to each other or the threads of either or 
both will be destroyed. Metric threaded HP-1B8 cable hard- 
ware illustrations and part numbers follow. 


SHORT MOUNTING STUD 
0380-0644 


LOCKSCREW 
1390-0360 


LONG MOUNTING STUD 
0380-0643 


Figure 2-3. HP—IB Connector. 
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Because the address switches are located 
inside the instrument, they should be set by 
trained service personnel only, To avoid 
electrical shock, make sure the power cord is 
disconnected before removing the instrument 
COVEF, 


2-17, HP—IB Description. 


2-18. A description of the HP-IB is provided in Section 
MI of this manual. A study of this information is neces- 
sary if you are not familiar with the HP-IB Concept. Ad- 
ditional information concerning the design criteria and 
operation of the bus is available in IEEE Standard 
488-1978 “IEEE Standard Digital Interface for Program- 
mable Instrumentation.’ 


2-19. Connecting Oven Option 001. 


2-20. In order to use the Oven Option 001, an external 
connection must be made between the rear panel 10 MHz 
OVEN OUTPUT and the REF IN connectors. A special 
connector for this purpose, -hp- Part No. 1250-1499, is 
supplied with instruments having Option 001. 


2-21, OPERATING ENVIRONMENT. 


To prevent potential electrical or fire hazard, 
do not expose equipment to rain or moisture. 


2-22. In order for the 3325A to meet the specifications 
listed in Table 1-1, the operating environment must be 
within the following limits: 


Temperature 0 to +55°C 
Relative Humidity 95% at 40°C 
Altitude 4600 meters 


(15,000 feet) 
2-23. Cooling System. 


2-24. The cooling fan intake and the exhaust vent are 
located in the rear panel. When operating the instrument, 
provide at least 75 mm (3 inches) of clearance at the rear, 
and at least 7 mm (4 inch) on all sides of the instrument. 
Failure to allow adequate air circulation will result in 
excessive internal temperature, reducing instrument 
reliability, 


2-25, It ig imperative that the fan filter be inspected 


frequently and cleaned or replaced as nevessary to permit 
the free flow of air through the instrument. To clean the 
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filter, remove the four nuts that secure the filter retainer. 
Remove the filter and flush with soapy water, rinse clean, 
and air dry, 


2-26. Bench Operation. 


2-27, The instrument has plastic feet attached to the 
bottom panel. The front feet contain foldaway tilt stands 
for convenience in bench operation. The tilt stand raises 
the front of the instrument for easier viewing of the 
control panel. The plastic feet are shaped to make full- 
width modular instruments self-align when they are 
stacked. A front handle kit, -hp- Part No. 5061-0089 
(Option 907}, can be installed for ease of handling the 
instrument on the bench (see Figure 2-4). The kit is 
shipped with the instrument if Option 907 is also ordered. 
Otherwise, the front handle kit is available separately by 
its ~hp- part number, 


2-28. Rack Mounting. 


2-29, The 3325A can be rack mounted ina rack having 
an EIA standard width of 482.6 mm (19 inches). The 
instrument can be rack mounted with or without a handle 
kit by use of the following items: 


a. Rack mounting without handles; use Rack Mount 
Flange Kit -hp- Part No. 5061-0077 (Option 908). 


b. Rack mounting with handles; use the combination 
Rack Mount Flange/Front Handle Kit -hp- Part No. 
5061-0083 (Option 909), 


NOTE 


The Rack Mount Flange Kit ofitem a will not 
Provide the space requirement for rack 
mounting when used with the bench handle 
assembly (-hp- Part No. 5060-9899, Option 
907). To rack mount with handles, the 
combination kit of item b (Option 909) must 
be used (see Figure 2-4). If either Option 908 
or 909 is ordered, the corresponding kit is 
shipped with the instrument. Otherwise, bath 
kits are avatlable separately by their -hp- part 
numbers. 


2-30. STORAGE AND SHIPMENT. 
2-31. Environment, 
2-32, The instrument should be stored in a clean, dry 


environment. The following environmental limitations 
apply to both storage and shipment: 


Temperature 40°C to +75°C 
Relative Humidity 95% at 40°C 
Altitude 15,300 meters 


(50,000 feet) 
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Model 3325A Installation 
Table 2-1, HP—IB Addresses. 


Switches (To 5-Bit Binary Switches) 
Listen Talk (Binary Code) 
Address | 5 4 3 2 1 | octal | Dacimat | Hexadecimal 


Address 


QAmmMoIoogyp es 
oocoecocsa 
eoceaccosn 
--+-+0000 
-+-00+--+-00 
-O0+-0+-0-0 


O2erxrArc-=z 
ecccccco 
ee ee ee 
wee OCC oO 
7 ~"CoO+r-a 8d 
- Oo +0 -+-0+0 


Men 


Factory 
Selacted 
Address 


a ee 
ooocc0o0ag 
awe KH Oooo 
~=-oCo+-H-Oo0 
~o-c+-0-0 


G P 
1 Q 
2 R 
3 $ 
4 rE 
5 U 
6 Vv 
7 w 


Por ON<* 
Se ee cs 
-A=-coc00 
=~oo--+-00 
o-c0-0-0 


Addrass Switches 


LON — Listan Only 
ROM — ROM Disable (For Test Only} 


NOTE: The Equivalent Cades shown correspond only to the 5-bit binary switch 
code. These bits are the sarne for both listan and talk addresses, and the sixth 

@ and seventh bits determine whethar the address is listen (O1} or talk (10). Some 
controllers distinguish between [stan and talk automatically, requiring only the 
§-bit code equivalent to designate a davice. 
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2-33, Instrument Identification. 


9-34, If the instrument is being returned to Hewlett- & 
Packard for servicing, attach a tag indicating the type of 

service required, return address, model number, and full 

serial number, In any correspondence, refer to the 
instrument by model number and full serial number. 


2-35. Packaging. 


i TRiM 2-36. Original Packaging. If the original packaging has 
HANDLE KIT, BENCH OPERATION been retained, pack the instrument in the same manner as 
it was received, Be sure to seal the shipping container 
securely, Also, mark the container FRAGILE to assure 
careful handling. 


OPTION 803 | 


2-37. Other Packaging. The following general 
instructions should be used for repackaging with 
commercially available materials. 


a. Wrap the instrument in heavy paper or plastic. (If 
shipping to .a Hewelett-Packard office or service center, 
attach a tag indicating the type of service required, return 
address, model number, and full serial number.) 


b. Use a strong shipping container. A doublewall 
carton made of 250-pound test material is adequate. 


c. Use enough shock-absorbing material (3-to-4 inch 
layer) around all sides of the instrument to provide firm 
cushion and prevent movement inside the container. 
Protect the control panel with cardboard, 


RACK MOUNT FLANGE/FRONT HANDLE KIT d, Seal the shipping container securely. 


Figure 2-4. Rack Mount and Handle Kits. e. Mark the shipping container FRAGILE to assure 
careful handling. 
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SECTION Ill 
OPERATION 


terface Bus) programming. The HP-IB information in- 
cludes the basic concepts of the interface bus operation, 
with which you may already be familiar. Use Table 3-1 
to locate the information you need for your particular 
situation. 


3-1. INTRODUCTION, 
3-2. This section of the manual contains instructions 


for manual operation and HP-IB (Hewlett-Packard In- 


Table 3-1. Operating Information. 


Paragraph 


33 PANEL FEATURES (Figure 1-1} 3-100 33254 REMOTE PROGRAMMING 


Appendices 


A-3 META MESSAGES BLOCK DIAGRAMMED 


3-5 POWER/WARMUP 3-101 3325A HP-1B Capabilities 
3-8 INITIAL CONDITIONS Table 3-8, Interface Functions 
3-10 SELF TEST 3-103 Developing an HP-IB Program 
3-12 FRONT/REAR SIGNAL OUTPUT 3-107 Universal and Addressed Commands 
3-14 SYNC OUTPUT 3-109 Flacing the 3325A in Remote 
_ 3-16 ¢ EXTERNAL REFERENCE INPUT 3-771 The 3325A Address 
' 3-18 10 MHz OVEN OPTION 001 Table 3-9, Summary of 3325A Programming, 
3.20 MANUAL PROGRAMMING ASCH! Characters 
3-22 Clear Display Table 3-10, Programming Codes 
3-24 Entry Errors 3-143 3325A Data Message Formats 
3-26 Function Selection 3-115 Data Transfer Mode 
3-28 Frequency Entry 3-118 Programming Data Transfer Mode 
3-30 Frequency Limits 3-120 Programming Entry Parameters 
3°32 Frequency Display and Resolution Frequency 
3-34 Auxiliary Output (Sine Function Only} Amplitude 
3-36 Amplitude Entry Offset 
Table 3-2, Amplitude Limits of AC Functions Phase 
3-395 Amplitude Calibration Sweep Start Frequency 
3-41 High Voltage Output Option 002 Sweep Stop Fraquency 
Table 3-3, High Voltage Output Amplitudes Sweep Marker Frequency 
3-43 OC Offset Sweep Time 
: Table 3-4 and Figure 3-2, Maximum DC 3-122 Programming Waveform Function 
Offset - Programming Binary (ON or OFF) Function 
3-46 Phase Entry High Voltage Output {Option 002) 
3.49 Frequency Sweep Amplitude Modulation 
3-55 Sweep Marker Phase Modulation 
3-58 Sweep X Drive Output 3-126 Programming Selection Functions 
3-80 Sweep Z Blank Output Rear Output/Front Output 
3-82 Amplitude Modulation Linear Sweep/Logarithmic Sweep 
3-66 Phase Modulation Data Transfer Mode 
3-68 Modify Keys 3-128 Programming Execution Functions 
3-70 Store and Recall Assign Zero Phase Refarence 
3-72 OPERATOR'S CHECKS Perform Amplitude Calibration 
3-74 Self Test Start Single Sweep 
3-76 Output Chacks Start Continuous Sweep 
3-78 OPERATOR’S MAINTENANCE Perform Self Test 
3-81 HP-IB OPERATION 3-130 Programming Amplitude Units Conversion 
3-83 General HP-/B Description 3-132 Programming Storage Registers 
Figure 3-3, Interface Connections and Bus 3-134 Service Requests 
Structure 3-136 Serial Poll 
Table 3-5, General Interface Management 3-138 Status Byte 
Lines 3-140 Busy Fiag 
3-88 Definition of HP-IB Terms and Concepts 3-142 Sweep Fiag 
3-89 Basic Device Communication Capability 3-144 Masking or Enabling Service Requests 
3-91 Message Definitions Table 3-11, SRQ Mask/Enable Data 
Table 3-6, Definition of Meta Massages 3-146 Interrogating Program Errors 
3-93 3325A Response to Messages 3-148 Interrogating Entry Parameters 
Table 3-7, tmplementation of Messages 3-150 Intérrogating Function (Waveform) 
3-95 HP-IB Work Sheet 3-152 Interrogating Miscellaneous Parameters 
HP-IB Addressing 3-154 Using the Interrogate Capability 
3 3325A Programming Procedure 


B-3 PROGRAMMING THE MODEL 3325A with the 


9825A CALCULATOR 


@ 


Onno, 


Figure 3-1. 
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POWER STBY/ON Key. in the STBY position, power is 
applied to the Oven (Option 001), the HP-IB interface 
circuits that are external to the isolation barrier, and the 
High Voltage Output circuits (Option 002), in addition to 
the power supply circuits. 


BLUE prefix key. This key must be pressed to select any 
of the key functions labeled in blue. 


SWEEP key group. These are entry prefix keys for the 
sweep parameters, plus the sweep start keys. When 
preceded by the blue prefix key, the sweep parameter 
keys control sweep modification functions and linear/ 
log selection. 


3325A Front and Rear Panels. 
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LOCAL key. Returns 3325A from remote to front panel 
control untess Local Lockout has been programmed. 
When preceded by the blue prefix key, this key causes 
the 3325A HP-IB address to be displayed in decimal 
code. 


STATUS annunciator group. These annunciators in- 
dicate the 3325A HP-IB status: Remote; Addressed to 
Talk; Addressed to Listen; Request Service (SRQ). 


ENTRY group. Prefix keys for programming signa} 
parameters. 


ALPHANUMERIC display. Displays the value of the 
parameter selected, error codes, failure modes, HP-IB 
address, amplitude and phase modulation state. 


© 


©® © 
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DATA group. This group includes the numeric data 
keys, the data value suffix keys, the Store and Recall 
command keys, and the entry Clear key. When pre- 
ceded by the blue prefix key, the keys in the left column 
control] the modulation functions. 


MODIFY group. The horizontal arrow keys select the 
digit to be modified (indicated by a bright digit), and the 
vertical arrow keys increment or decrement that digit. 


UNITS annunciators. Display the units of volume 
represented by the numeric display. Entry annunciator 
indicates that an entry is in progress. : 


FUNCTION group. These keys select the output signal 
function or de only {see Paragraph 3-26). 


EXT REF annunciator is on if an external reference or the 
Option 001 internal 10 MHz oven reference is con- 
nected to the rear panel REF IN. Annunciator flashes if 
the 30 MHz internal reference is not phase locked to the 
external reference. 


MODULATION annunciator is on if either AM or Phase 
modulation is programmed. 


AMPTD CAL key. Automatically calibrates the 
amplitude and offset of the output signal (see Paragraph 
3-39). When preceded by the blue prefix key, initiates a 
self test operation (see Paragraph 3-10). 


CAUTION 
The maximum peak voltage that can be safely ap- 
plied between chassis and the outer conductor of 
any of the 3325A input or output signal connec- 
tors is +42 V. 


SYNC OUT. A square wave sync signal is available at this 
connector and also at 2 rear panel connector, item 28. 
This signal is always in sync with the output signal cross- 
over point. (Zero volts or dc offset voltage, see Paragraph 
3-14.) J2. 


AUX 21-60 MHz REAR annunciator. This annunciator is 
on when the rear panet AUX output is active (see 
Paragraph 3-34). 


REAR ONLY key. In standard instruments, switches 
signal output from front to rear pane! and vice versa. 
Rear panei output is active when the annunciator in the 
center of the key is on. In instruments with High Voltage 
Output Option 002, this key switches from normal to 
high voltage output, and the annunciator indicates 
when the high voltage output is on. The key is labeled 
“40 Vpp, 40 mA, 0-1 MH2"’ for Option 002. in Option 
002 instruments, no rear panel signal output is pro- 
vided. 


SIGNAL output. Standard output impedance is 50 
ohms. High Voltage Output Option 002 output im- 
pedance ts nominally <1 ohm at dc and <10 ohms at 
4 MHz. Load impedance must be at least 500 ohms. 
Standard and High Voltage amplifier outputs are fused. 
J. 


10 MHz OVEN OUTPUT. This signal is present only in 
instruments with Option 001. To make use of the Oven 
Output, tt must be connected to the REF IN connector, 
Item 21. A special connector, -hp- Part No. 
1250-1499, is supplied with Option 001 for this pur- 
pose. J3. 


cers 


AC POWER input connector. £1, 


REF IN. An external reference may be used to phase 
lock the internal 30 MHz reference (see Paragraph 
3-16). J4, 


(@) HP-IB connector. Remote control of the 3325A by 


means of an HP-IB system controller is accomplished 
through this connector. Part of W6. 


REF OUT. A 1 MHz signal from the 33254 reference cir- 
cuits is available at this connector, J5. 


SIGNAL. The output signai is switched to this connector 
by the front panel REAR ONLY key, item 17. J6. 
iInstruments with Option 002 do not have rear panel 
signal output.) 


NOTE 


The rear panel signal output is inactive (no inter- 
nal signal connection) if the instrument has the 
High Voltage Output Option 002 installed. in- 
structions are given in the Operating and Service 
Manual, Section Vill, Service Group M, for ac- 
tivating the rear panel signal output in one of two 
ways: 1} Placing the standard/high voltage out- 
put on the rear panel only, disconnecting the 
front panel signal output, or 2} Disabling the high 
voltage output and enabling the standard 
front/rear output configuration. 


if the standard instrument signal output is nat ter- 
minated by an external 50-ohm toad {a high im- 
pedance load, for example) undesirable distortion 
may result, particularly at higher frequencies. 
Similar conditions may result if the High Voltage 
Output (Option 002) is terminated by less than 
500 ohms. 


@) BLOWER, 81. 
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PHASE MOD. Input connector for a phase modulating 
signal of +5 V maximum peak voltage (see Paragraph 


3-66). J7. 


AMPTD MOD. Input connector for an amplitude 
modulating signat of + 5 V maximum peak voltage (see 
Paragraph 3-62}. J8. 


SYNC OUT. This output is identical to the output at the 
front panel syne connector, Item 15. J10. 


AUX 21-60 Mkz. A signal is available at this output 
when the sine wave frequency is programmed above 21 
MHz (see Paragraph 3-34). J9. 


Z BLANK. A TTL compatible output is present during a 
sweep operation {see Paragraph 3-60). J11. 


X DRIVE. This output progresses from O V to +10 V 
during a sweep-up operation (see Paragraph 3-58}. 
J12, 


MARKER. This TTL compatible output goes low at the 
selected marker frequency during a sweep up, and high 
at completion of the sweep (see Paragraph 3-55). J13, 
Power Transformer, 11. 


Line Fuse, F1. 
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NOTE 


The AP-IB is Hewlett-Packard Company’s 
implementation of [EEE Standard 488-1978. 


3-3. PANEL FEATURES. 


3-4. Figure 3-1 identifies and describes the functions of 
the front and rear panel controls, indicators, and con- 
nectors. 


3-5. POWER/WARM-UP. 


3-6. The Model 3325A requires a power source of 100, 
120, 220, or 240 Vac, +5% -10%, 48 to 66 Hz single 
phase. The selection of line voltage and fuse is described 
in Paragraph 2-8 and Figure 2-1. 


3-7, The 3325A POWER switch has two positions, 
STBY and ON. Power is applied to some circuits at any 
time the instrument is connected to the ac power source. 
If the instrument has the Oven Assembly Option 001 in- 
stalled, it is important that it remain connected to the 
power source to maintain a constant oven temperature, 
eliminating the need for a long warm-up period. If an 
instrument with the Oven Assembly has been discon- 
nected from ac power no longer than 24 hours, a 
15-minute warmup period is sufficient to bring the 
reference frequency to within +1 x 10°77 of final value. 


3-8. INITIAL CONDITIONS. 


3-9, After the POWER switch has been set to ON, 
the instrument status will be as follows: 


FUNCtiOn sinisduae ce Sie d Galo es Sine 
Frequency... ..... 0.0.0 c ecu, 1000 Hz 
Amplitude........... teeeeee TMV p-p 
PASC sew awa ikea wees ares 0 deg 
DC Offset can (ta vececevavai vine OV 
Front Signal Output 
SWE Neat 1s bt oe tae aeee ages Linear 
Start Frequency............. 1 MHz 
Stop Frequency............ i0 MHz 
Marker Frequency.........+- 5 MHz 
TMG ass oss canneries Peaniela ss 1 sec 
NOTES 


1. If the display reads OSC FAIL the fre- 
quency synthesis circuits are nol operating 
properly. 


2. If A-CAL FAIL appears in the display 
momentarily after turn-on, any one of the 
three AMPTD CAL tests could be incorrect. 
Perform a SELF TEST operation to identify 
the failure. 


3. If either of the above conditions occurs, 
refer the instrument to qualified service per- 
sonnel for repair. 
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3-10. SELF TEST. 


3-11. The self test operation is initiated by pressing the 
blue prefix key, then the SELF TEST key (AMPTD 
CAL). This test uses the control, ROM, and control 
clock circuits to perform the following checks: 


LED check: Turns on all LED’s for about 2 
seconds 

Check 1: Tests AMPTD CAL of the sine wave 

Check 2: Tests AMPTD CAL of the square wave 

Check 3: Tests AMPTD CAL of the triangle wave 


Following each check the display indicates either PASS 
or FAIL for approximately one second. If all tests pass, 
this indicates that approximately 60% of all circuits are 
operating properly. 


3-12. FRONT/REAR SIGNAL OUTPUT. 


The maximum peak voltage that can be safe- 
ly applied between chassis and the outer con- 
ductor of any of the 3325A input or ouipul 
signal connectors is +42 F. 


3-13. The standard Model 3325A provides selectable 
front or rear panel 50-ohm signal outputs. The rear 
panel signal output is selected by pressing the REAR 
ONLY key. The lighted indicator in the center of this 
key denotes that the signal output is at the rear panel. 


NOTE 


The rear panel SIGNAL output ts not pre- 
sent on instruments equipped with the High 
Voltage Output Option 002. 


3-14. SYNC OUTPUT. 


3-15. A square wave syne output is provided at BNC 
connectors on both the front and rear panels, This sync 
signal is always in phase with the output signal, with the 
sync transition occurring at the signal zero crossing, or 
when the signal crosses the dc offset voltage. The output 
impedance of either front or rear panel sync output is 
approximately 50 ohms. When connected to a 50-ohm 
coaxial cable that is terminated by a 50 ohm resistive 
load, the sync signal levels are as follows: 


Low Level = < 0.2 V 
High level = > 1.2 V 


NOTE 


If a syne output is connected to a 50-ohm 
coaxial cable thai is terminated by a high tm- 
pedance load {=f megohm) the vollage 
levels are approximately twice the values 
given above. However, the improper ter- 
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mination of the 50-ohim system will cause 
ringing at the positive and negative transi- 
tions of the syne signal. 


3-16. EXTERNAL REFERENCE INPUT. 


3-17. The 3325A may be operated with an external 
reference to control the standard 30 MHz internal 
reference oscillator frequency. The external reference 
level must be greater than 0 dBm (50 ohms), and the fre- 
quency must be within 10 PPM of 10 MHz or a sub- 
multiple thereof down to 1 MHz (10, 5, 3.33, 2.5, or 1 
MHz). The front panel EXT REF annunciator will light 
to indicate that an external reference is being used. The 
internal reference oscillator is phase locked to the exter- 
nal reference, and a phase lock detector circuit causes 
the EXT REF light to flash if synchronization is lost. 


3-18. 10 MHz OVEN OPTION 001. 

5-19, Option 001 is a temperature stabilized 10 MHz 
oscillator which provides improved frequency stability 
(see specifications in Table 1-1), The output from this 
oscillator is at the rear panel 10 MHz OVEN OUTPUT 
connector, This output must be connected to the EXT 
REF input. A special connector, -hp- Part No. 
1250-1499, is provided with Option 001 for this pur- 
pose. 


3-20. MANUAL PROGRAMMING. 


3-21, The following paragraphs describe the procedures 
for operating the 3325A from the front panel. Also in- 
cluded are the limits for each parameter, 


3-22. Clear Display. 


3-23, Pressing the CLEAR key (in the left column of 
the DATA group) clears the display to zero. This key is 
useful when an error is made while entering data. 


3-24. Entry Errors. 


3-25. The word ‘‘Error’’ will appear in the display for 
approximately one second when an érror in programm- 
ing occurs. The incorrect entry will not be accepted. 


Entry parameter out of bounds (for example, Freq = 61 
MHz) 


Invalid delimiter 


Frequency too large for function (for example, Function’ 
Triangle, Freq = 11 kHz) 


Sweep time too small or too large 


Offset incompatible with amplitude, or amplitude incom- 
patible with offset 

Sweep frequency too large for function; Sweep bandwidth 
too small; Start frequency too small (log sweep); Start fre- 
quency greater than stop frequency (log sweep) 


Unrecognizable mnemonic received 
Unrecognizable data character received 
Option doés not éxist (High Voltage or Rear/Front) 


Model 3325A 
3-26. Function Selection. 
FUNCT | ON a 
ee nd 
fe} (e] (2) [2] 
ZOMH 2 | OM z Oke IGkM? IDkilz 


BO OFFSET 
°o 


3-27. Any of the five functions may be selected by 
pressing the appropriate FUNCTION key. A light in the 
center of the key indicates the present function. Pressing 
the same key the second time removes the ac signal, sct- 
ting the output to zero unless a de offset has been pro- 
grammed (sce Paragraph 3-43), When the ac signal is 
removed in this way, the instrument automatically 
displays dc offset, and the de offset entry key light 
comes on, The ac signal can be restored by pressing the 
FUNCTION key again. The output signal for cach 
function is centered about zero volts unless a de offset 
has been programmed. 


NOTE 


The standard instrument signal output must 
be terminated by an external 50-ohm load or 
sine wave distortion and square wave over- 
shoot may result, particularly at higher fre- 
quencies, 


3-28. Frequency Entry. 


ENTRY 


OOO 


NOTE 


A lighted indicator in the center of any entry 
key denotes it as the active entry parameter. 
For example, if the FREQ entry key in- 
dicatlor is on, Ut ts nol necessary to press that 
key before entering data. 


3-29. Enter frequency by first pressing the FREQ EN- 
TRY key, then the numerical data, followed by the data 
suffix (delimiter) key (Hz, kHz, MHz). Numerical data 
must be entered most significant digit first, entering the 
decimal in the proper place. The frequency parameter is 
stored in the 3325A when the delimiter key is pressed. 


3-30. Frequency Limits. 
3-31. The minimum frequency for all functions is 


1 zHz. The nominal maximum frequency for each func- 
tion is shown below the function select key on the front 
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Table 3-2. Amplitude Limits of AC Functions. 


Peak-to-Peak 


Function 


Sine 3.536 V 
5,000 V 
2.888 V 
2.883 V 


Square 
Triangle 
: Ramp 


panel, However, because of the overrange capability of 
the 3325A, the maximum frequency for cach function is 
as shown below: 


Sine wave 20 999 999,999 Hz 
Square wave 10 999 999.999 Hz 
Triangle 10 999,999 999 Hz 


10 999.999 999 Hz 
10 999,999 999 Hz 


Positive slope ramp 
Negative slope ramp 


3-32. Frequency Display and Resolution. 


3-33, Frequency is always displayed in Hz, even though 
the entry may have been made in kHz or MHz. For ex- 
ample, an cniry of 1.2. MHz is displayed as 
1 200 000.0 Hz, Non-significant zeroes to the right of 
the first digit following the decimal point are not 
displayed except during a ‘“‘modify”? condition (see 
Paragraph 3-68). The maximum resolution is 1 #Hz for 
frequencies up Lo and including 99 999,999 999 Hz, and 
1 mHz for frequencies of 100 000.000 Hz and higher. 


3-34, Auxiliary Output {Sine Function Only). 


3-33, A rear panel auxiliary output can be used for fre- 
quencies above 19 MHz to a maximum of 60 999 
999.999 Hz. The output level is a nominal 0 dBm into 50 
ohms. The output automatically switches to the AUX 
output when frequencies of 21 000 000.000 Hz or higher 
are programmed, For this reason, the AUX output is 
labeled ‘*21-60 MHz’’. Frequencies between 19 MHz 
and 21 MHz can be obtained at the AUX output only by 
first entering 21 MHz or higher, then entering the 
desired frequency. For example, if the desired frequency 
is 19.5 MHz, first enter ““FREQ 21 MHz’’, then 
“19.5 MHz’'. Then, if a front panel SIGNAL output of 
19.5 MHz (or any frequency between 19 MHz and 
21 MHz) is desired, enter any frequency 19 MHz or 
lower, then enter 19.5 MHz. 


NOTE 


Only one signal output is aclive at one time. 
A lighted ‘'2]-60 MHz Rear” annunciator in- 
dicates that the rear panel AUX, 0 dBm, 21-60 
MHz output is active. A lighted “Signal, Rear 
Only" annunciator indicates that the rear 
panel stgnal output ts active, Neither light on, 
indicates the front panel signal output is 
active, 


dBm (80 2) 


0.354 mV 
0,5 mV 
0.289 mv 
0,289 mV 


3-36. Amplitude Entry, 


ENTRY 


3-37. Amplitude is entered and displayed with 4-digit 
resolution. Press the AMPTD ENTRY key, then the 
numerical data, followed by the V, mV, Vrms, mVrms, 
or dBm key, The V and mV keys enter peak-to-peak 
value of ac functions. Maximum and minimum 
amplitudes for each function are shown in Table 3-2. 


3-38. The 3325A will convert an amplitude value be- 
tween peak-to-peak, rms, or dBm for any function. For 
example, if a sine wave amplitude of 10 V p-p has been 
entered, press the Vrms or mVrms key to display the 
same amplitude as 3.536 Vrms, or press the dBm key to 
display the value as (+ )23.98 dBm. 


3-39. Amplitude Calibration. 


AMPTO CAL 


© EXT REF = 
(2) 


© MODULATION 
SELF TEST 


3-40. The 3325A will calibrate the output signal when 
the AMPTD CAL key is pressed. The output goes to 
less than 4 mV p-p while the calibration is in process. An 
amplitude and offset calibration is performed auto- 
matically whenever the function is switched and at in- 
strument turn-on. 


NOTE 


if A-CAL FAIL appears in the display 
momentarily after an AMPTD CAL opera- 
tion, the instrument should be referred to 
qualified service personnel for repair. 
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3-41. High Voltage Output Option 002. 
(2 SM ay AUX SYNC OUT 


peiciepens ey cians 
-Ourhl ‘F Ox. 
i 


42 


2 


HE 


3-42. The high voltage output is selected by pressing the 
key in the lower right corner of the front panel. This op- 
tion provides a maximum output of 40 V p-p into a high 
impedance. The load resistance must be greater than 500 
ohms or distortion will result, particularly at higher fre- 
quencies. To assure square wave overshoot <5% of 
peak-to-peak output, the total capacitance connected to 
the output should be <500 pF. The same entry pro- 
cedures and display features apply as in the standard 
Operation. Maximum and minimum amplitudes are 
shown in Table 3-3. Maximum frequency for sine and 
square wave functions is 1 MHz (10 kHz for triangle 
and ramps). 


NOTE 


The rear panel signal output is inactive (no 
internal signal connection) if the instrument 
has the High Voltage Output Option 002 in- 
stalled. Instructions are given in the 
Operating and Service Manual, Section VIII, 
Service Group M, for activating the rear 
panel signal output in one of two ways: I) 
Placing the standard/high voltage output on 
the rear panel only, disconnecting the front 
panel signal output, or 2) Disabling the high 
voltage output and enabling the standard 
front/rear output configuration. 


3-43. DC Offset. 


DATA 
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Table 3-3. High Voltage Output Amplitudes (Option 002). 


Peak-to-Peak 
Function Max. in. 


Sine 
Square 
Triangle 
+ Ramp 


3-44. Offset Only, No-AC Function. When no ac func- 
tion is present, the dc voltage output may be programmed 
from OmV to +5V, with 4 digit resolution. When no ac 
function is present, the DC OFFSET entry prefix is au- 
tomatically selected. It is necessary merely to enter the 
numerical data followed by the V or mV delimiter. The 
rms keys cannot be used to enter offset. 


NOTE 


When the High Voltage Output is selected 
(Option 002), minimum amplitude for dc 
only (no ac function) is 0.01 mV and max- 
imum is 20.0 V. 


3-45. Offset with AC Function. When dc offset is to be 
added to any ac function, there are minimum and max- 
imum offset limits which must be observed. These limits 
are affected by the ac voltage and the resulting at- 
tenuator settings, which are shown in Table 3-4. Figure 
3-2 is a set of graphs which show the approximate max- 
imum de offset permissible for a given ac peak-to-peak 
voltage. The following equation may be used to deter- 
mine maximum offset voltage. 


Maximum dc offset = 2 - Amptd 


Where A = Attenuator factor (from Table 3-4) 
Amptd = Amplitude in V p-p of the ac function 


NOTES 


I. If an attempt is made to enter a dc offset 
that is too great for the amplitude already 
programmed, “Error 5”’ will appear in the 
display momentarily, and the dc offset entry 
will not be accepted. 


2. After a dc offset has been entered, if the 
amplitude (ac) is then increased beyond the 
level where the amplitude and offset are 
compatible, “Error 5°’ will appear in the 
display momentarily, and the ac amplitude 
entry will not be accepted. 


mse 


®@ 
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3. The minimum and maximum permissible 
dc offset voltages when the High Voltage 
Output is selected (Option 002) may be 
determined by multiplying the amplitude 
and offset values in Table 3-4 by four. This 
also applies for Figure 3-2, Change the 
above equation (for determining maximum 
dc offset) to the following: 


Maximum dc offset = 2. ampid ie 


4. Resolution of a dc offset entry (with ac 
function) is determined by the resolution of 
the ac amplitude. 


3-46. Phase Entry. 


3-47. The phase of the SIGNAL output can be shifted 
up to +719.9° with respect to the 1 MHz REF OUT 
(rear panel). Phase shift entry resolution is 0.1°. To pro- 
gram phase shift, press the PHASE ENTRY key, enter 
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number of degrees of phase desired, then press the 
‘‘deg’’ key. For a negative phase shift, press the ‘‘—”’ 
key before entering the numerical data. For square wave 
frequencies below 25 kHz, phase changes greater than 
25° may result in a phase shift + 180° from the desired 
amount. 

3-48. After entering a phase shift, the new phase may 
be assigned the zero phase position, and subsequent 
changes in phase referenced to that point. To assign 
zero phase, press the blue entry prefix key, then press 
ASGN ZERO @ (PHASE) key. 


3-49. Frequency Sweep. 


——* SWEEP LINEAR/LOG A a 
ce S| 
oO 


| 2 ° 
1 aly 
1 SY Rete 
i flo of fo} 


 SmNGLE wex-ecF LG —O 


3-50. Frequency sweep is phase continuous over the full 
frequency range; that is, there are no discontinuities in 
the output waveform. When the instrument is turned 
on, the sweep mode is set to linear, and the parameters 
are set as follows: 


Start Frequency............ 1 000 000.0 Hz 
Stop Frequency............ 10 000 000.0 Hz 
Marker Frequency.......... 5 000 000.0 Hz 
TAM C4 os eeivince cee wed a CER RekoS 1.0 sec 


Table 3-4. Maximum DC Offset with any AC Function. 


AC Amplitude 
Entry Maximum DC 

(peak-to-peak) Offset (+ or —) 

1.000 mV with 4.500 mV 
to 

3.333 mV with 


3.334 mV with 
to 

9,999 mV with 

10.00 mV with 
to 

33.33 mV with 

33.34 mV with 
to 

99.99 mV with 

100.0 mV with 
to 

333.3 mV with 


333.4 mV with 


3.333 mV 
14.99 mV 


11.66 mV 
45.00 mV 


33,33 mV 
149.9 mV 


116.6 mV 
450.0 mV 


333.3 mV 
1.499 V 


to 
999.9 mV with 


1.166 V 


1,000 V with 4.500 V 
to 


9.998 V with 0.001 V 


Minimum DC 
Offset Entry 


0.001 mV A = 1000 
0.001 mv eh A = 300 
0.010 mv Eat A = 100 


Attenuation 
Range Factor 
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DC OFFSET 


100,.O0mV TO 353. 3mv 
10,00mVv TO 33.33mvV 
1,000mv TO 3.333mV 


DC OFFSET 


5 | 2 3 4 5 S zi 8 So. 
PEAK-TO-PEAK AC VOLTAGE 
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Figure 3-2. Maximum DC Offset With AC Functions. 
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NOTE 


The Marker Frequency must be lower than 
Stop Frequency by a sufficient amount to 
permit the Marker pulse width to be approxi- 
mately 400 microseconds. See Paragraph 
3-55. 


To change any of the sweep parameters, press the ap- 
propriate SWEEP entry key, then enter the desired 
data. To select LOG sweep, press the blue prefix key 
and then the LOG (TIME) key. The log indicator should 
light. The sweep mode ts linear unless this light is on. 


fo time 
I @ coals sweep indicator 
CF LOG O 


ad 


3-51. Linear Sweep. In linear mode, either CON- 
TINUOUS or SINGLE sweep may be used. Single 
sweep is from START to STOP frequency, and either 
START or STOP may be the higher frequency. To 
begin a single sweep: 


Press ‘‘RESET/START”’’ key to set output and 
display to the start frequency selected and reset the 
X Drive ramp. 


Press ‘‘RESET/START”’ key again to start the 
sweep. 


RESET? M 
an T FE 


L 


SINGLE MRK 


Indicator is ON during a sweep 


The output frequency sweeps to the STOP frequency 
selected and remains there. This frequency appears in 
the display. Continuous sweep is up-down-up, etc., and 
begins when the “‘START CONT”’ key is pressed. Con- 
tinuous sweep may be stopped by pressing the ‘START 
CONT” key again, or by pressing ‘““START SINGLE”’, 
“FREQ ENTRY”’, or ‘‘PHASE ENTRY”’. The display 
will indicate the frequency at which the sweep stopped. 
The sweep will stop while any other parameter is being 
changed, then will restart. Pressing ‘‘AMPTD CAL”’, 
“SELF TEST’’, ‘‘ASSIGN ZERO @’’, or changing the 
function will also stop continuous sweep. 


“.2 SWEEF 
ay 


| [ef] Indicator is ON during sweep 


3-52. Log Sweep. In either single or continuous log sweep 
mode, the stop frequency must be higher than the start 
frequency, and sweep is up only. (Continuous sweep is 
start to stop, start to stop, etc.) The minimum bandwidth 
for log sweep is one decade. Single log sweep is a line- 
segmented log approximation in one-tenth decade seg- 
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ments, and continuous log sweep is a two-segment log 
approximation. 


NOTE 


Because of the computation time required by 
the control circuits in log sweep, the actual 
stop frequency (which is displayed at the end 
of a single sweep) will be higher than the 
selected stop frequency, but always within 
0.25%. The error decreases as sweep lime is 
increased. 


3-53. Sweep Time. The maximum time per sweep (up or 
down) for all sweep modes is 99.99 seconds, with .01 
second resolution for times =1 second, and .001 second 
resolution for times <1 second. Minimum times are as 
follows: 


Linear sweep, single or continuous. ..0.010 s 


Log sweep 
Singles. 52. see sly a adind as 2.000 s 
COntinNUOUs =. wcdcvies fae sees See 0.100 s 


NOTE 


In single log sweep, the sweep time is in- 
creased by the processing time required 
between segments. The time increase {in 
seconds) is approximately equal to 


stop frequency 
045 ( W008 start frequency 


3-54, Sweep Bandwidth. The maximum sweep band- 
width is the full frequency range for the function 
selected, except that in log sweep, the minimum fre- 
quency is 1 Hz. The minimum bandwidth for log sweep 
is one decade. Minimum bandwidth for each function 
(linear sweep) is as follows: 


SING Sie ee (10 mHz/s) x (sweep time) 
Square.......... (5 mHz/s) x (sweep time) 
Triangle....... (0.5 mHz/s) x (sweep time) 
Ramps.......... (1 mHz/s) x (sweep time) 


For sweep bandwidths of less than 100 times the 
minimum, Bandwidth selected should be an integral 
multiple of the minimum. In linear sweep mode the 
sweep bandwidth may be multiplied or divided by two 
by pressing the blue prefix key and then ‘‘Afx2’’ or 
‘“SAf+2’’. These bandwidth modification keys do not 
operate in log sweep mode. 


3-55. Sweep Marker. 

3-56. The marker frequency may be set to any point 
within the sweep band up to within approximately 400 
microseconds of the stop frequency. If the marker fre- 
quency is set beyond this point, the stop frequency will 
automatically be increased so that the marker pulse is 
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approximately 400 microseconds wide. The following 

equation may be used to determine the approximate 
. t 

maximum marker frequency: 


.0004 x bandwidth 
Max. marker freq. = stop freq. - Sweep ime 
The rear pancl MARKER output is at TTL compatible 
voltage levels. It is High at the start of a sweep up, goes 
Low at the selected marker frequency, then High again 
at the stop frequency. No marker output is present dur- 
ing sweep down or during a log sweep. Set the marker 
frequency by pressing the ‘“‘MKR FREQ’’ key and 
entering the numerical data and the frequency suffix. 


3-57. The sweep band can be moved up or down to 
center on the marker frequency by pressing the blue 
prefix key and then the MKR — CF(MKR FREQ) key. 
This does not change the sweep bandwidth unless either 
the new upper or lower limit would be beyond the fre- 
quency limit for the present function. 


3-58. Sweep X Drive Dutput. 
3-59. The rear panel X DRIVE output is as follows: 
Linear sweep: 


Single: 0 V at start, increasing linearly to > +10 V 
at stop, whether the sweep is up or down. Re- 
mains at essentially this voltage until reset prior 
to the start of another sweep. (Voltage will drift 
downward less than 10 mV/3.) 

Continuous: Increases linearly from 0 V_ to 
> +10 V during sweep up, then goes to 0 V at 
beginning of sweep down and remains at 0 V 
during sweep down. 


Log sweep: Starts at 0 V and increases to > +10 V 
with the sweep segments. 


NOTE 
The X DRIVE output has a nominal voltage 
of + 10.5 V at the end of a sweep, This final 
voltage is specified to be greater than 10.0 V 
fo ensure compatibility with oscilloscopes 
having a horizontal sensitivity of 10.0 V for 
full-screen deflection. 


X DRIVE output voltage is linear with time 
in both linear and log sweep modes. 
3-60. Sweep Z Blank Output. 


3-61. The Z BLANK outpul voltages are TTL compati- 
ble, and the output logic levels are as follows: 


Linear sweep: 

Single: Goes LOW at start of sweep, HIGH at stop, 
whether the sweep is up or down. Remains 
until start of next sweep. 

Continuous: LOW during sweep up, HIGH during 
sweep down. 
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Log sweep: Goes LOW al start frequency, HIGH at 
stop. In single sweep, remains HIGH until start of 
next sweep. In continuous sweep, is HIGH momen- 
tarily at stop frequency. 


When the Z BLANK output is low, it is capable of sink- 
ing current through a relay or other device. The max- 
imum ratings are: 


Maximum current sink: 200 mA 
Allowable voltage range: 0 V to +45 V de 
Maximum power (voltage at output x current): 1 W 


- 3-62. Amplitude Modulation, 


3-63. To program amplitude modulation, press the blue 
prefix key, then press the ‘AM ON’’ (STORE) key. To 
remove the modulation, press the blue key, then “‘AM 
OFF” (RECALL). The display shows ‘A ON” or ‘SA 
OFF’? momentarily to indicate the status of the 
amplitude modulation, The status of phase modulation 
(P ON or P OFF) is displayed at the same time. The 
modulation input must be connected to the rear panel 
AMPTD MOD input. The impedance of this input is 
20 kQ (10 kQ when AM is OFF). 


3-64. When amplitude modulation is programmed, the 
amplitude of the output signal (with no modulation) is 
halved; however, the display still indicates the program- 
med amplitude. Then, when the output (carrier) is 
modulated 100%, the maximum amplitude of the 
modulated output equals the programmed amplitude. A 
modulation input of approximately 5 V peak results in 
100% modulation. Modulation frequency may be 0 to 
50 kHz. If amplitude modulation is ON when 3325A 
functions other than sine wave are selected, the output 
may be gated, depending on the level of the modulation 
input. Amplitude modulation should be used only with 
the sine wave function, and the modulation input 
should not exceed +10 V peak. 


3-65. A de voltage may be applied to the AMPTD 
MOD input to control the 3325A output level, or a pulse 
may be used to gate the output. Approximatcly +5 V 
cuts off the output signal, while approximately -5 V 
doubles the output. (Maximum output is 10 V p-p.) DC 
or pulse inputs should not exceed +3 V peak. 


Mode} 3325A 


3-66. Phase Modulation. 


3-67. To program phase modulation, press the blue 
prefix key, the the ‘“@M ON’’ (CLEAR) key, and to 
remove phase modulation, press the blue key, then ‘‘@M 
OFF”’ (-). The phase modulation signal at the rear panel 
PHASE MOD input may be up to +10 V peak. The in- 
put impedance is 10 kf. The modulating signal frequen- 
cy may be dc to 5 kHz. An input of +5 V results in the 
following approximate phase deviation (+ 170° per volt 
for sine function): 


3325A Function Phase Deviation 


Sine + 850° 
Square + 425° 
Triangle + 42.5° 
+ Ramp + 85° 


3-68. Modify Keys. 


Ba) 


3-69. The numerical data of any parameter may be 
changed by use of the MODIFY keys. First press the 
prefix key of the parameter to be modified, placing the 


information in the display. Next, pressthe © or D 
key to move the bright digit cursor to the digit you want 
to modify. Then pressthe ¢} or ( key momentarily 


to increase or decrease the value of that digit by 1. If the 
modify key is held, the digit will continue to increment 
or decrement after a slight delay. As the modified digit 
passes 9 (incrementing) or 0 (decrementing) the digit to 
its left will increment or decrement. 


3-70. Stere and Recall. 


3-71. An entire program may be stored in any one of 10 
registers by pressing the ““STORE 0-9’’ key, then the 
register number. This stores all the information that is 
in the current program memory. Other programs may 
then be entered. All stored information is lost when 
power is removed from these circuits by setting the 
POWER switch to STBY or disconnecting ac power 
from the instrument. 


Operation 


NOTE 


Any phase information stored is invalid when 
recalled because the instrument performs an 
amplitude calibration on RECALL, Phase 
relationship between the output signal and 
the reference is not maintained when 
AMPTD CAL occurs. 


3-72. OPERATOR'S CHECKS. 


3-73. The following checks provide the operator with a 
means of determining whether the instrument is opera- 
vional. They are not intended to verify any specifica- 
tions. If the instrument fails any of these checks, it 
should be referred to qualified service personnel for 
repair. 


3-74. Self Test. 


3-75. Press the blue prefix key, then SELF TEST 
(AMPTD CAL). All the front panel display and annun- 
ciator LED’s should light for approximately two 
seconds, then the instrument performs an automatic 
calibration of the sine, square, and triangle functions 
and the display indicates momentarily whether each test 
passed or failed. The dc offset is also checked in these 
tests. 


NOTE 


If the display reads OSC FAIL at any time, 
the frequency synthesis circuits are not func- 
tioning properly. Refer the instrument to 
qualified service personnel for repair. 


3-76. Output Checks. 

3-77. An oscilloscope (-hp- 1740A or equivalent) is re- 
quired for these checks. Connect the 3325A output 
through a 50-ohm feedthru termination (-hp- 11048C) 
to the oscilloscope input (input de coupled), or set the 
1740A input switch to 50 ohms. 

FUNCTIONS 


a. Make the following 3325A keyboard selections: 


FUNCTION .......... 000 cee eee eee Sine 
FREQUENCY .......02-5 2.0500 b ewan 2 kHz 
AMPLITUDE................... 10 V p-p 


Vertical: o:2..c:296 Hee ea 5 V/div 
Horizontal. .........0c eee eee ee 0.5 ms/div 
ETS BOR ss aia dpae Ghee ouietea gk aioe t Auto 


c. Adjust oscilloscope controls for a stable display, 
which should show a sine wave approximately two divi- 
sions peak-to-peak and one cycle per division. 


3-11 


Operation 


d. Sclect square wave, triangle, positive slope ramp, 
and negative slope ramp and verify that each function 
indicates the same frequency and peak-to-peak 
amplitude. 


AMPLITUDE AND DC OFFSET 
ce, Set the 3325A as follows: 


FUNCTION 6063406 25 sane ye ear Square 
PREQUENCY. 200. cee ee 2 kHz 
AMELITU DE yc sine iaidaeaete 10 V p-p 
{, Set the oscilloscope controls as follows: 
MT CAL ast hero eek aati ae eet 2 V/div 
Hortvomtal. ccc cee eae 0.5 ms/div 
TUM GOs ha tvaina encpakisR eaten Bek ete Auto 


zg. Oscilloscope display should show one square wave 
per division, 5 divisions peak-to-peak vertical. This 
checks the output with no attenuation. Actual display 
will depend greatly upon the accuracy of the 
osellloscope amplifiers and display. 


h. Change 3323A amplitude to 1 V p-p, and change 
oscilloscope vertical to .2 V/div. Oscilloscope display 
should again be 5 divisions peak-to-peak. This checks 
the +3 attenuator section. 


i, Change 3325A amplitude to 500 mV p-p, and 
change oscilloscope vertical to .1 V/div. Oscilloscope 
display should be 5 divisions peak-to-peak. This checks 
the + 10 attenuator section. 


j. Change 3325A amplitude to 50 mV p-p, and 
change oscilloscope vertical to .01 V/div. The square 
wave display should be 5 divisions peak-to-peak. This 
cheeks the + 100 attenuator section. 

k. Press the 33254 SQUARE WAVE FUNCTION 
key fo remove the square wave output. The indicator in 


the DC OFFSET Entry key should light and the 3325A 
display should show 0.0 mV. 


I. Set the oscilloscope vertical control to 2 V/div. 
Ground the input and set the trace to the center line. Set 
input to de coupled. 


m. Enter 5 V offset in the 3325A. The oscilloscope 
trace should be 2.5 divisions above the center line. Enter 

5 V offset in the 3325A. The oscilloscope trace should 
zo to 2.5 divisions below the center line. 


n. Enter @ V offset in the 3325A. Trace should be on 
the center line, 


PREQUENCY 


oO, Set the 3323A as follows: 


PONGTION concn cutee eal ve nos ote Sine 
FREQUENCY... 20... .cce eee a ees 100 Hz 
AMPLITUDE...: fc cdee. a4 esas 10 V pp 
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p. Set the oscilloscope controls as follows: 


q. Oscilloscope display should show one cycle of sine 
wave, which should be free of any apparent fr- 
regulariues, 


r. Enter 20 MHz in the 3325A. Change oscilloscope 
horizontal to .05 ys/div. Oscilloscope should display 
one cycle of sine wave per division. 

HIGH VOLTAGE OUTPUT (OPTION 002) 

& Remove the 30-ohm feedthru termination between 
the 3325A output and the oscilloscope input. Press the 
key in the lower right corner of the 3325A front panel to 
select the High Vollage output. 


t. Set the 3325A as follows: 


FUNCTION ..........00002220eer eee Sine 
PREQUENCY 2.0.22 eee ees 2kHz 
AMPLITUDE. .......0000000 000. 40 V pp 


u. Set the oscilloscope controls as follows: 


Veorlitiil.n 3 tees ie a seh 1Q V/div 
Horizontal... ccc cee eae 0.5 ms/div 


v. The oscilloscope display should show a sine wave 
four divisions peak-to-peak, one cycle per division. This 
checks the high voltage output amplifier. 


3-78. OPERATOR'S MAINTENANCE. 


3-79, Maintenance by the operator is limited to cleaning 
or replacing the rear panel fan filter, or replacing the ac 
line fuse on the rear panel. Generally, if the ac line fuse 
requires replacement there is a failure within the instru- 
ment, which should be referred Lo qualified service per- 
sonnel. Disconnect the ac line cord before replacing the 
fuse. Be sure Lo use the correct replacement fuse: 


Fuse 


Nominal Line Voltage 


-hp- Part No. 


100/120 V 1A 
220/240 V 0.5A 


2110-0001 
2110-0012 


3-80. The fan filter should be inspected frequently and 
cleaned or replaced as necessary to allow free flow of 
air. To remove the filter, disconnect ac power from the 
instrument and remove the four nuts that secure the 
filter retainer. Remove the filter and wash thoroughly 
with soapy water, rinse clean, and air dry. 


3-81. HP-IB OPERATION. 


3-82. The Model 3325A is remotely controlled by 
means of the Hewlett-Packard Interface Bus (HP-{IB), 
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The following information gives a general description of 
the HP-IB and defines: the terms, concepts, and 
messages used tn an HP-IB system. It also lists the 
capabilitics and requirements for programming the 
3325A. Program examples using a specific Hewlett- 
Packard calculator as the system controller may be 
found in the Supplemental Programming Information, 
Appendix 3-A at the rear of this section. 


NOTE 


AHP-IB is Hewlett-Packard Company’s 
implementation of IEEE Standard 488-1978, 
‘Standard Digital Interface for Program- 
mable Instrumentation. 


3-83. General HP-IB Description. 


3-84. The HP-IB is a parallel bus of 16 active signal 
lines grouped into three sets according to function, to 
interconnect up to 15 instruments. Figure 3-3 is a 
diagram of the interface connections and bus structure. 


3-85. Eight signal lines form the first set and are termed 
‘*data’’ lines. The data lines carry coded messages which 
represent addresses, program data, measurements, and 
status bytes. The same data lines are used for input and 


DEVICE A 


Able to tatk, listen, 
ang control 


(e.g., calculator) 


DEVICE B 


Able to talk and 
listen 


feg., digital voltmeter) 


DEVICE C 


Only adle to listen EF 


{a.g., signal generator) 


OEVICE D 


Onty able to talk 


le.g., tape reader) 


Operation 


output messages in bit-parallel, byte-serial form. Nor- 
mally, a seven-bit ASCII code represents each piece 
(byte) of data, leaving the eighth bit available for parity 
checking, 


3-86. Data transfer is controlled by means of an inter- 
locked ‘‘handshake’’ technique which permits data 
transfer (asynchronously) at the rate of the slowest 
device participating in that particular conversation. The 
three data byte transfer control lines which implement 
the handshake form the second set of lines. 


3-87. The remaining five general interface management 
lines form the third set and are used in such ways as ac- 
tivating all the connected devices at once, clearing the 
interface, etc. Table 3-5 defines each of the management 
lines. 


3-88. Definition of HP-IB Terms and Concepts. 


Byte - A unit of information consisting of eight binary 
digits (bits). 


Device - Any unit that is compatible with the IEEE Stan- 
dard 488-1978. 


Device Dependent - 1. An action a device performs in 
response to information sent on the HP-IB. The action 
is characteristic of an individual device and may vary 
from device to device. 2. The data required to com- 
municate with a particular device. 


Data Bus 
(8 signal fines) 


Date Byte Transter 
Control 
(3 signal lines) 


{HANDSHAKE} Lines 


General Interface 


apm Management (CONTROL) Lines 


Figure 3-3. Interface Connections and Bus Structure. 


Cperation 


Table 3-5. General interface Management Lines. 


Mnemonic Description 


Attention 


Enables a device to interpret 
data on the bus as 4 controller 
command {command mode) or 
data transfer (Data Mode). 


Interface Initializes the HP-1B system to an 
Clear idie state (no activity an the 
bus.) 


Alerts the controller to a need 
for Communication. 


Service 
Request 
Places instruments under re- 
mote program control. 


Remote 
Enable 


End Or 
Identify 


Indicates last data transmission 
during 4 data transfer sequence; 
wsed with ATN to poll devices 
for their status. 


Operator - The person that operates either the system or 
any device in the system. 


Address - The characters sent by a controller to specify 
which device will send information on the bus and 
which device(s) will receive information. A device may 
also have its address fixed so that it may only receive in- 
formation (listen only) or only send information (talk 
only), 


Polling - Polling is a means by which a controller can 
identify a device that necds interaction with it. The con- 
troller may poll devices for their operational condition 
one at a time, which is termed a serial poll, or as groups 
of devices simultaneously, which is termed a parallel 
poll, 


3-89. Basic Device Communication Capability. 


3-90, Devices which communicate along the interface 
bus fall into three basic categories, 


Talkers - Devices which send information on the bus 
when they have been addressed. 


Listeners - Devices shich receive information sent on 
the bus when they have been addressed. 


Controllers - Devices that can specify the talker and 
listener(s) for an information transfer. The controller 
can be an active controller or a system controller. The 
active controller is defined as the current controlling 
device on the bus, The system controller can take con- 
trol of the bus even if it is not the active controller. Each 
system can have only one system controller, even if 
several controllers have system control capability. 


3-91. Message Definitions. 


3-92, Information is transferred on the HP-IB from 
one device to one or more other devices in quantities 
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called ‘‘messages’’. Some of the messages consist of two 
basic parts, the address portion and the information 
portion. Others are gencral messages to all devices. 
Messages can be classified into twelve types, which are 
referred to as ‘‘meta messages’’. These are defined in 
Table 3-6. A block diagram presentation of meta 
messages and their implementation will be found in Ap- 
pendix A-3 at the rear of this section. 


NOTE 


The meta message in itself is not a@ pro- 
gram code or an HP-IB cominand, It is only 
intended as a tool to translate a program writ- 
ten as an algorithin into the controller’s code. 


3-93. 3325A Response to Messages. 


3-94. The 3325A is capable of implementing only those 
messages indicated in Table 3-7, In order for those 
messages to be implemented, certain bus actions are re- 
quired, which are shown in the Interface Functions col- 
umn. 


3-95. HP-IB Work Sheet. 


3-96. A work sheet is provided at the end of this section 
for listing the address and message capabilitics of cach 
instrument in your HP-IB system. When this sheet is 
filled out, it will provide a summary of the system 
capabilitics. 


3-97. HP-IB Addressing. 


3-98. Certain messages require that a specific tatker and 
listener be designated. Each instrument on the bus has 
its own distinctive listen and/or talk address which 
distinguishes it from other devices. The 3325A receives 
programming instructions when addressed to listen, 
When addressed to talk, it will respond to the instruc- 
lions il received prior to being addressed to talk, such as 
an interrogation or serial poll. 


3-99, Addressing usually takes the form of ‘‘universal 
unlisten, device talk, device(s) listen’’, The universal 
unlisten command removes all listeners from the bus, 
allowing only the listener(s) designated by the device(s) 
listen parameter to receive information. The informa- 
tion is sent by the talker designated by the device talk 
parameter. The system controller may designate ilself as 
either talker or listener. 


3-100. 3325A REMOTE PROGRAMMING. 
3-101. 3325A HP-IB Capabilities. 


3-102, Table 3-8 lists the HP-1B capabilities of the 3325A, 
which are compatible with IREE Standard 488-1978. 


Model 33235A 


Operation 


Table 3-6. Definition of Meta Messages. 


The actual information (binary 
bytes} which is sent from a 
talker to one of more listeners. 
The information or data can be in 
a numeric farm or a string of 
characters, 


Trigger The trigger message causes the 
listening device(s) to perform a 
device dependent action. 


A clear message will cause & 
device(s) to réturn to @ pre- 
defined device-dependent state. 


Romate The remote message causes the 
listening devicels) to switch 
from local front panel control, 
to remote program control, This 
message remains in effect so 
that devices subsequently ad- 
dressed to listen will go inte 
remote operation. 


This message clears the remote 
message fram the listening de. 
vice(s) and returns the device(s) 
to Socal front panel control. 


Local Lockout The local lockout message is 
implemented to prevent the de- 
vice operator from manually in- 
hibiting remote program contra}. 


Clear Lockout and 
Set Local 


This message causes all devices 
to be removed from the local 
lockout mode and revert ty local. 
(t will also clear the remote mes- 
sage for all devices. 


A device can send this mes- 
sage at any time to signify that 
it needs some type of inter- 
actian with the controller, The 
message is cleared by the deé- 
vice's status byte message if it 
no longer requires service. 


Require Service 


3-103. Developing an HP-IB Program. 


3-104, Basically, the 3325A is programmed remotely in 
the same manner as iC is progranimed manually, The se- 
quence in which the various parameters are pro- 
grammed is net important. At the end of this section 
(HL) there is a summary of the HP-IB Programming 
Codes, This chart may be removed from the manual 
and/or copied to be used as a programming reference. 


NOTE 
Htomay be necessury to refer to some pari 
graphs aon manual operation for descrilions 


of certain signals and requirements, 


3-105. Several steps are needed to develop an HP-IB 
program, 


Status Byte A I casswaiauge’ [i SA bee IuneeeesomNcetue. | that represents the status 
of a single device, One bit indi- 
cates whether the device sent 
the required service message 
and the remaining 7 bits indi 
Gate operational conditions de- 
fined by the device. This byte 
is sent trom the talking device 
in rasponse to 4 ‘Serial Poll” 
operation performed by a con- 
traller. 


Status Bit A byte that represents the opera- 
tional conditions af a group of 
devices on the bus, Each de- 
vice responds on a particular bit 
of the byte thus identifying a 
device dependent condition. This 
bit is typically sent by devices 
in response to a parallel poll 
operution. 


The status bit message can also 
be used hy a controller to spect 
fy the particular bit and logic 
level that a device will respond 
with when @ parallel poll oper- 
ation is performed. Thus, more 
than one device may respond on 
the same bit, 


Pass Contral This message transfers the bus 
Management responsibilities 
from the active controller to 


another controller. 


The system controller sends the 
abort message to uncondition- 
ally assume contro! of the bus 
from the active controller. The 
message will terminate all bus 
communications but does not 
implement the clear message. 


a. Completely define the operation(s) the system is 
required to perform. 


b. Write the program in flowchart or algorithm 
form. (An algorithm may be defined as a fixed step-by- 
step procedure for finding a solution to a problem.) Use 
the key words for meta messages shown in Table 3-6 in 
developing the program, The twelve key words are 
repeated here for reference, 


Data 

*T rigger 

Clear 

Remote 

Local 

Local Lockout 

Clear Lockout and Set Logal 
Require Service 


Operation 
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Table 3-7. 3325A Implementation of Messages. 


Data 


Trigger 
Clear 


Remote 


Local 


Local Lockout 


Clear Lockout and 
Set Local 


Require Service 
Status Byte 


Status Bit 
Pass Control 
Abort 


*S = Send Only 
R = Receive Only 
SR = Send and Receive 
NA = Not Applicable 


Interface Functions* * 
Message Implementation” 
SR ; ; 


ID-LIST C, SH 
ALL C, SH 


Remote Enable 
ID-LIST,C,,SH 


C,, SH 
C, SH 


**SH = Source Handshake 
AH = Acceptor Handshake 
T = Talker (includes TE = Extended Talker) 
L = Listener (includes LE = Extended Listener) 


3325A Response 


Will send or receive as 
instructed 


Device Clear sets 3325A 
to initial turn-on condi- 
tions. See Para. 3-8. 
Goes to Remote. Can be 
set to Local by LOCAL 
key. 


Goes to Local. 


Goes to Remote. Cannot 
be set to Local by LOCAL 
key. 


Goes to Local from Local 
Lockout. 
Sets SRO True. 


Sends byte which indi- 
cates if service required 
and reason. 


Unaddress 


SR = Service Request 

RL = Remote/Local 

PP = Parallel Poll 

DC = Device Clear 

DT = Device Trigger 

C = Any Controller 

Gy =A specific controller (for example, Ca, Cp) 
C,= The System Controller 

X"= Indicates replication n times 


Status Byte Table 3-8. Interface Functions. 


*Status Bit 
*Pass Control 
Abort 


Source handshake capability 

Acceptor handshake capability 

Basic talker; Serial Poll; Unaddressed to talk if 
addressed to listen 

Basic listener; Listen Only; Unaddressed to 
listen if addressed to talk 


*Not implemented by the 3325A 
NOTE 


The meta message in itself is not a program 


code or an HP-IB command. It is only in- 
tended as a tool to translate a program 
written as an algorithm into the controller’s 
code, 


Service Request capability 
Remote/Local capability 
No parallel poll capability 
Device clear capability 

No device trigger capability 
No controller capability 
Open collector bus drivers 
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¢. Define the operation in program codes that the in- 
strument can use. Each instrument has its own set of 
program codes which are ASCII characters. The 3325A 
program codes are shown beginning with Paragraph 
3-120 or Table 3-9. 


d. Convert the program into the controller's 
language. The conversion information is supplied with 
each controller. For example, the -hp- 9825A Calculator 
Extended I/O Manual provides a chart for program 
code conversion. 


NOTE 


Examples for controlling the 3325A with a 
specific Hewlett-Packard calculator are pro- 
vided in the Supplemental Programming In- 
formation, Appendix B-3 at the rear of this 
section, 


3-106, Block diagrams and explanations of the meta 
messages that apply to the 3325A are shown in Appen- 
dix A-3 at the rear of this section. 


3-107. Universal and Addressed Commands, 
3-108. The 3325A will respond to the following univer- 


sal and addressed commands, which are sent in the com- 
mand mode (ATN true), 


Mnemonic Command ASCII Code 
Universal: 

*DCI, Device Clear Dc4 
LLO Local Lockout DCil 
MLA My Listen Address (selectable) 
MTA My Talk Address (selectable) 
SPD Serial Poll Disable EM 

SPE Scrial Poll Enable CAN 

UNL = Unlisten ? 

UNT  Untalk - 
Addressed: 

GTL Go to Local SOH 

*SDC Selected Device Clear EOT 


*DCL and SDC commands set the 3325A to its initial 
turn-on conditions (see Paragraph 3-8) and cause an 
AMPTD CAL operation. Any data in the HP-1IB input 
buffer is lost. The storage registers, SRQ masking, and 
the status byte are not affected. 


3-109. Placing the 3325A in Remote. 


3-110. The 3325A will go to Remote when ATN is true, 
REN is true, and it receives its listen address, 


3-111. The 3325A Address. 


Operation 


3-112. The 3325A address is normally sel at the factory 
to: 


5-Bil 
Octal 


ASCII 
Character 


(5-Bit Octal Equivalent) 
Iecimal Hexadecimal 


Listen 


Talk 17 1] 


The 3325A can be made to display its address in decimal 
code by pressing the blue prefix key and the BUS ADRS 
(LOCAL) key. 

NOTES 


I, All programming is shown in ASCII 
code. 


2. Table 3-9 is a summary of the 3325A pro- 
gram data messages and program times, 
Table 3-10 lists program codes in binary, 
octal, decimal, and hexadecimal. Al the end 
of this section (II) there is also a summary of 
the HP-IB programming codes, This chart 
may be removed from the manual and/or 
copied to be used as a programming 
reference. 


3. The following front panel key actions can- 
not be remotely programmed: 


Modify group 

Sweep bandwidth x 2 

Sweep bandwidth + 2 

Set sweep center frequency to marker fre- 
quency 

Display bus address 

Clear display 


4. The 3325A must be set to REMOTE and 
addressed ta LISTEN before it will accept 
device dependent data messages. 


3-113. 3325A Data Message Formats. 


3-114. The following are valid programming strings 
(data messages) for the 3325A: 


Mnemonic, Data, Delimiter, EOS 
Mnemonic, Data, FOS 
Mnemonic, EOS 

I, Mnemonic, EOS 


Where I is the ASCII character I and EOS is the end-of- 
string character, which is required for Data Transfer 


Mode 2 (sce following paragraphs). Valid EOS 
characters are: 
LF = Line Feed = 12 octal 
* = Asterisk = 52 octal 
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Table 3-9. Summary of 3325A Programming {ASCII Characters).”” 


Mnamonies 
Parameter or ASC] 
Operation 


Pais PM UAL) Le a calc lL EL Programming Time* 
Data Transfer Mode 
Data Mode 1 


MD=4.5 ms 
Data Mode 2 


Function FU= 1500 ms 
3= Triangle 
4=Positive Ramp 
5=Negative Ramp 


Pe = 11 Digits HZ = Hertz FR=7.0 ms 
and Decimal KH = Kilohertz Each digit or decimal = 2.8 ms 
MH = Megahertz HZ, KH, or MH=12.5 ms 
ae = = 4 Digits VO=Volts (p-p) AM=6.8 ms 
and Decimal. Also MV = Millivalts {p-p) Each digit, decimal or decimal = 2.8 ms 
— sign if nagative 
dBm. + sign is val- 
id but not required. 
DC Offset = 4 Digits and 
Decimal. Also — 
sign if negative de 
offset. + sign is 
valid but not 
required. 


VR=Volts rms VO or MV =90 ms 
Phase = 4 Digits 
— minus sign 


MR = Millivalts rms VR or MR= 130 ms 
DB=dBm DB=250 ms 
VO =Volts OF=6.8 ms 
Sweep Start Frequency = ST = 11 Digits 
Sweep Stop Frequancy and Decimal KH = Kilohertz Each digit or decimal= 2.8 ms 
Sweep Marker Frequency MH = Megahartz HZ, KH, or MH= 10.3 ms 


MV = Millivolts Each digit, decimal, or — sign=2,8 ms 
VO or MV=82 ms 
Sweep Time =Tl s 4 Digits Peer | Seconds TI=5.5 ms; SE=7,0 ms 
and Decimal Each digit and decimal= 2.8 ms 
Sweep Moda SM=4.5 ms 
Linear 
Logarithmic 
Rear or Front Pane) Qutput RF=44.5 ms 
Front Pane! 
Rear Panel 
Store Program = fs 1 “one 0-9 SR=11 ms; 
Recall Program “1 fs RE= 1700 ms 


Execution Functions 


PH=5 ms; DE=28 ms 
Each digit and — sign=2.8 ms 


ST, SP, or ME=7.0 ms 


DE = Degrees 


H? = Hertz 


Perform Self-Test TE= 10,000 ms 


interrogate Program Ein a iFRaT15 ms 


Assign Zaro Phase AP=5.2 ms 
Perform Auto-Cal AC = 1500 ms 
Start Single Sweep $$ =300 ms 
Start Continuous Sweep §€ 3 300 ms 


Interrogate Entry Parameters 

Fraquancy lFR=10 ms 
Amplitude IAM =9.8 ms 
Offset IOF =9.8 ms 
Phase IPH = 8 ms 
Sweep Start Frequency (ST=10 ms 
Sweep Stop Frequency iSP=10 ms 
Swaap Marker Frequency IMF=10 ms 
at Time ITl 2 8.5 ms 


ovrogseFueton [ewe WA [na 1808 


Mask Service Requests See Para, ee 4.5 ms 
3-144 


Binary (ON/OFF) Funetions a 438 ms 
High Voltage Output OFF=0 
Amplitude Modulation ON = 1 
Phase Modulation 


MA=7.0 ms 
MP=7.0 ms 
3.18 *Program times are in addition to the data transfer time of 225 to 250 us per byte. 
**See Note 2 following Paragraph 3-112, 
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Table 3-10, Programming Codes. 


@ 


R 
ee 
F 


P 

H 
Stop Frequency pee 
canna a 


Sweep Mode 


Numerical Data 


Entry 
Frequency 


al 


TEZi[vHlan 


-A 


OMe hwh- 


(decimal) 
- (minus) 


sores ocococdcecsa 
o-00++200-+-C00 
-O+O+-0+-0-0-0 


Data Suffix (Delimiter) 


Hertz H 100 

Z 101 

Kilohertz K 100 
1 


™s 


2 


Volts (p-p or dc) 
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Table 3-10. Programming Codes (Cont'd). 


ASCIl Binary Octal Decimal Hexadecimal 
Instruction Characters Code Code Code Code : 
High Voltage Output 110 72 48 
126 a6 56 


H 0 
Vv 0 
Modutation-Amptitude M 0 115 77 4B 
A 10 101 65 41 
Modulation-Phase M 10 115 77 4D 
P 190 120 80 50 
Rear or Front Output 10 122 82 52 
10 106 70 46 
Data Transfer Mode 77 
Assign Zero Phase Reference 
Perform Auto Cal, 
Ferform Self Test 
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Interrogate (Parameter) 


Interrogate Error 


EOS (End of String) 
Line Feed LF 
Asterisk 


All spaces (40 octal}, carriage returns (15 octal), com- 
mas (54 octal), and all lower case alphabetics are ig- 
nored by the 3325A. 


NOTE 


A program string may program one para- 
meter or all parameters. For example, the 
string “FU2FRIOKHAM3V0"' programs the 
following, 


FU2 = Square wave function 
FRIOKH = 10 kHz 
AM3V0 = 3 V p-p 


The EOS character should follow the com- 
plete string, or a maximum of 48 characters 
(see Paragraphs 3-115 through 3-118). 


3-115, Data Transfer Mode. 


3-116. The 3325A accepts data from the HP-IB in 
either of two modes. If speed of communication is a 
critical factor on your HP-IB system, Mode 2 is prefer- 
rable. The characteristics of the two modes are: 


Data Mode 1. The 3325A turns on in Data 
Mode |. In this mode, each device dependent 
character (byte) ig processed when received. 
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eepe es 
On 
of 
mn & 
E 
Po 
of 


Line feeds and Asterisks (EOS characters) 
are ignored. No other device dependent data 
communications are permitted on the bus 
until the entire 3325A program string has 
been accepted and all but the last character 
processed. 


Data Mode 2. Device dependent characters 
are accepted and stored in an internal buffer 
and not processed until the EOS character is 
received or the buffer is filled (48 bytes). 
Consequently, other communications on the 
bus are permitted after the program string 
has been accepted (at the rate of approx- 
imately 150 to 200 microseconds per 
character). If the program string contains 48 
characters or more, the 3325A will hold up 
the bus while it processes the 48 characters 
before accepting and storing the rest of the 
string. Because the instrument turns on in 
Data Mode 1, Mode 2 must be programmed 
remotely. {t will then remain in Mode 2 until 
Mode ! is programmed or until the POWER 
switch is set to STBY. 


3-117. While the 3325A is processing data it will accept 
and respond to universal commands, For this reason, 
when operating in Mode 2, the controller can send a 
program string (48 characters or less) to the 3325A, and 


| e 


PRERseN Lhd Latte 2 me oe ee 
unaddress the 3325A to listen and then communicate 
with another device. However, if the string ig more than 
48 characters, the bus will be held up until the first 48 
characters have been processed and the remaining 
characters accepted. In order for the bus to be used dur- 
ing 3325A processing time for communication between 
other devices, a program string greater than 48 
characters should be divided and an EOS character sent 
after (or at a convenient place before) the 48th byte. The 
remaining program can then constitute a second string. 
While the 3325A is processing input information, a 
‘*Busy’’ Mag is set in the status byte (see Paragraph 
3-136). This flag can be used to determine when the 
3325A has finished processing. 
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NOTE 


The 3325A will handshake bus communica- 
lions even though the POWER switch is set 
to STBY. This will nor interfere with the 
operation of the bus unless it was set to 
STBY while addressed to talk. Before it is set 
to STBY, make sure it is not addressed to 
talk, or else disconnect the HP-IB cable 
from the 33254. The addressed to talk con- 
dition can be cleared by an IFC command, 
even when the 3325A is in Standby. 


3-118. Programming Data Transfer Mode. 


3-119, Instructions for programming Data Transfer 
Mode are included in Paragraph 3-126. 


3-120. Programming Entry Parameters. 
3-121, The 3325A entry parameters are: 


Frequency 

Amplitude 

Offset 

Phase 

Sweep Start Frequency 
Sweep Stop Frequency 
Sweep Marker Frequency 
Sweep Time 


The programming syntax for these parameters is: 
Mnemonic, Data, Delimiter, EOS 
NOTE 


All program codes are shown in ASCH 
characters. 


Valid mnemonics: 


FR = Frequency 
AM = Amplitude 
OF = Offset 


fi — ££ ildttot 

T = Sweep Start Frequency 

P = Sweep Stop Frequency 

F = Sweep Marker Frequency 
TI = Sweep Time 


Go G4 


= 


Valid data: 


0 thru 9 = ASCII numerics (if too many 
digits are sent, the extra digits will be 
ignored or rounded) 


+ = ASCII plus sign (plus sign is accepted 
but not required) 


— = ASCII minus sign (minus sign will be ig- 
nored if sent for parameters that cannot be 
negative) 


. = ASCII decimal (floating decimal entries 
not valid) 


Valid delimiters: 


HZ = Hertz 

KH = Kilohertz 

MH = Megahertz 

VO = Volts (peak-to-peak or dc) 
MV = Millivolts (peak-to-peak or dc) 
VR = Volts rms 


MR = Millivolts rms 
DB = dBm 
DE = Degrees 


SE = Seconds 
NOTE 


When operating in Data Mode I, an EOS 
character is not required. When in Mode 2, 
the EOS character should not be sent until 
the end of the program string (or after 48 
bytes; see Paragraph 3-117), 


3-122. Programming Waveform Function. 


3-123. The selectable functions are: 


DC only 

Sine wave 

Square wave 
Triangle wave 
Positive Slope Ramp 
Negative Slope Ramp 


The programming syntax for selecting function is: 


Mnemonic, Data, EOS 


Valid mnemonic: 


FU = Function 


Valid data: 


Function off (dc only) 
Sine 

Square 

Triangle 

Positive Slope Ramp 
Negative Slope Ramp 


Ma pb ta Be 


3-124. Programming Binary (On or Off} Functions. 
3-125. The programmable binary functions are: 


High Voltage Output (Option 002) 
Amplitude Modulation 
Phase Modulation 


The programming syntax for binary functions is: 
Mnemonic, Data, EOS 
Valid mnemonics: 


HV = High Voltage Output (If the 3325A receives 
the HV mnemonic but does not have the high 
voltage option, SRQ (if enabled) and an error 
code will be generated. See Paragraph 3-134.) 

MA = Modulation — Amplitude 

MP = Modulation — Phase 


Valid data: 
0 = Off 
1 = On 


NOTE 


The rear panel signal output is inactive (no 
internal signal connection) if the instrument 
has the High Voltage Output Option 002 in- 
stalled. Instructions are given in the 
Operating and Service Manual, Section VITL, 
Service Group M, for activating the rear 
panel signal output in one of two ways: 1) 
Placing the standard/high voltage output on 
the rear panel only, disconnecting the front 
panel signal oulput, or 2) Disabling the high 
voltage output and enabling the standard 
front/rear output configuration, 


3-126. Programming Selection Functions. 


NOTE 


The selection functions are similar to binary 

functions, but instead of ON or OFF states, 
selection is made between two mutually ex- 
clusive operations. 


3-127. The programmable selection functions are: 


Rear Output/Front Output 
Linear Sweep/Logarithmic Sweep 
Data Transfer Mode 


The programming syntax for the selection functions is: 
Mnemonic, Data, EOS 
Valid mnemonics: 
RF = Rear or Front Output 
SM = Sweep Mode 
MD = Data Transfer Mode 
Valid data for RF is: 


1 = Select Rear Output 


2 = Select Front Output (If the 3325A receives the 
RF mnemonic but does not have rear output 
capability (Option 002, for example) SRQ (if 
enabled) and an error code will be generated. 
See Paragraph 3-134.) 


Valid data for SM is: 
1 = Linear Sweep (The 3325A turns on in Linear 
Sweep function. This function need not be pro- 


grammed except to change from Linear to Log 
Sweep or to return to Linear.) 


2 = Logarithmic Sweep 
Valid data for MD is: 
1 = Data Mode 1 (The 3325A turns on in Data 
Mode 1}. This function need not be programmed 
if it is desired to remain in Data Mode 1.) 
2 = Data Mode 2 
3-128. Programming Execution Functions. 
3-129. The programmable execution functions are: 
Assign Zero Phase Reference 
Perform Amplitude Calibration 
Start Single Sweep 
Start Continuous Sweep 
Perform Self Test 


The programming syntax for execution functions is: 
Mnemonic, EOS 

Valid mnemonics: 
AP = Assign Zero Phase Reference 


AC = Perform Amplitude Calibration 
88 = Start Single Sweep 


ou 


Cd 
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i 
TE 


start Continuous Sweep 
Perform Self Test 


od 


NOTES 


1. The Start Single mnemonic must be sent 
twice (SSSS), The first SS sets the output 
(and display) to the start frequency, and the 
second 3S starts the sweep. 


2. While the 3325A is in Continuous Sweep 
mode, if it receives the mnemonics SC, SS, 
FR, PH, AC, AP, or TE, it will stop sweep- 
ing. It must receive SC again in order to 
resume continuous Sweeping; or if a single 
sweep is to be programmed, SSSS§ is re- 
quired, 


3. The “‘Busy’’ flag (bit 7 in the status byte, 
see Paragraph 3-138) will be ‘1’ for the 
duration of a Self Test operation. After Self 
Test, the 3325A returns to the previously 
Programmed conditions, except that if a 
sweep was in progress the sweep will remain 
stopped. 


3-130. Programming Amplitude Units Conversion. 


3-131. The programming syntax for converting ampli- 
tude units (Vp-p, Vrms, dBm) is: 


Mnemonic, Delimiter, EOS 
Mnemonic = AM = Amplitude 


Delimiter = The units to which you want to convert: 


VO = Vp-p 
MV = mYp-p 
VR = Vrms 
MR = mVrms 
DB = dBm 


Example: If amplitude was programmed in Vp-p, it may 
be converted to dBm by programming ‘‘AMDB’’. If 
amplitude was the last parameter programmed and is 
shown in the display, only the delimiter ‘‘DB’’ needs to 
be programmed, 


3-132. Programming Storage Registers, 


3-133. The data that will be stored includes the current 
program of Entry Parameters, Function (Waveform), 
Binary Functions, and Selection Functions. The storage 
register functions arc: 


Store Data in Register N 
Recall Data from Register N 


Operation 


The programming syntax for storage register functions 
18: 


Mnemonic, Data, EOS 


Valid mnemonics: 


SR = Store 
RE = Recall 
Valid data: 


@ thru 9 = ASCII numerics specifying register 
number 


NOTES 


1. If no data has been stored in a register, 
the recall command for that register will be 
ignored. 


2, An amplitude calibration is performed 
when a register is recalled, 


3. The numeric value for the phase is stored, 
but the phase of the output is not changed 
when the register is recalled. (Phase may 
need to be reprogrammed.) 


4, DCL (Device Clear} and SDC {Selected 
Device Clear) commands do not affect the 
storage registers, 


3-134. Service Requests. 


3-135. The 3325A will set the SRQ line true for any of 
the following reasons, if enabled by the SRQ mask (see 
Paragraph 3-144): 


Program String Error 
Sweep Started or Sweep Stopped 
System Failure (Possible component problem) 
Failed Self Test 
Failed Amplitude Calibration 
External Reference Unlocked 
Main Oscillator Unlocked 


3-136. Serial Poll. 


3-137. When the system controller determines that the 
SRQ line is true, it may conduct either a Serial Poll or a 
Parallel Poll to determine which device(s) initiated the 
Service Request, and the reason(s) for the request. The 
3325A responds to a Serial Poll, which is conducted in 
the following manner: 


Controller places ATN true (command mode) 
Controller sends Serial Poll Enable (SPE) on lines 
DIO]-8 (ASCII CAN, binary code x 0011000) 


Operation 


Controller sends 3325A Talk address, controller 
Listen address 

Controller places ATN false (data mode) 

3325A responds by sending status byte on DIOJ-8 

Controller places ATN true (after cach device has 
been polled) 

Controller sends Serial Poll Disable (SPD) on 
DIO1-8 (ASCII EM, binary code x 0011001) 


Serial Poll Disable clears the SRQ message originated by 
the 3325A, resetting bits @ through 3 and bit 6 in the 
status byte. 


NOTE 


Some of the above Serial Poll operations are 
performed automatically by some con- 
trollers in response to certain programming 
statements. Refer to the programming in- 
structions for your particular controller. 


3-138. Status Byte. 


3.139. A status byte consists of one 8-bit byte on the 
HP-IB data lines. A ‘J’? in bit 6 indicates that the 
3325A did request service (placed SRQ true), and a “‘Q”’ 
in bit 6 indicates that it did not request service. The 
3325A status byte contains the following information: 


76543210 Status byte bits 
(87654321 DIO lines) 
FRFxSS88S F= Flag; R= Request Service: 


| $= Status 
1 = Program String Error 


1+ Sweep Stopped 
1 = Sweep Started 


1 = System Failure 
(possible component failure), 
includes: 
Failed Self Test 
Failed Amptd Cal 
Ext Ref Unlocked 
Main Ose Unlocked 


Sweep Flag. 1 = Sweep in Progress. 
Does not cause SRQ. 


ROS Message. | =Service Request. 


Busy Flag. 1=3325A busy processing data. 


Does not cause SRQ. 


3-140. Busy Flag. 


3-141, The Busy Flag (status byte bit 7) is high (1) while 
the 3325A is processing data. This bit can be monitored 
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by the controller to determine when the 3325A is ready 
for more data. 


3-142. Sweep Flag. 


3-143. The Sweep Flag (bit 5 of the status byte) is high 
(1) while the 3325A is in the process of sweeping. This 
bit can be monitored by the controller to determine 
when the end of a sweep occurs. 


3-444. Masking or Enabling Service Requests. 

3-145, Bits 3 through @ in the status byte can be masked 
so that the corresponding conditions will not cause a 
service request. However, a ‘1°’ will still appear in the 
status byte if the condition exists, and can be cleared 
only by a serial poll. At instrument turn-on all SRQ con- 


ditions are masked. The programming syntax for mask- 
ing and enabling SRQ conditions is: 


Mnemonic, Data, EOS 
Mnemonic = MS 
Valid Data is shown in Table 3-11. 
3-146. Interrogating Program Errors. 


3-147. The ‘Program Error’’ service request may result 
from the following Errors: 


Frror 


Entry parameter out of bounds (for exam- 
ple, Freq 2 61 MHz) 


Invalid delimiter 


Frequency too large for function (for ex- 
ample, Function = Triangle, Freq 
= 11 kHz) 


Sweep time too small or too large 


Offset incompatible with amplitude, or 
amplitude incompatible with offset 


Sweep frequency too large for function; 
Sweep bandwidth too small; Start fre- 
quency too small (log sweep); Start fre- 
quency greater than stop frequency (log 
sweep) 


Unrecognizable mnemonic received 


Unrecognizable data character received 


Option does not exist (High Voltage or 
Rear/Front) 


@ 
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Table 3-11. SRO Mask/Enable Data. 


A 
B 
Cc 
) 
E 
F 
G 
H 
| 
J 
K 
L 
M 
N 
Q 


*Initial turn-on conditions 
The programming syntax for interrogating error is: 
Mnemonic, EOS 
Mnemonic = IER 


After receiving IER, the 3325A will send back the 
following the next time it is addressed to talk: 


Mnemonic, Data, CR (ASCII carriage return), LF 
& EOI (ASCII line feed with EOI sent simultane- 
ously) 


Mnemonic = ER 


Data = The ASCII numeric corresponding to the first 
error that occurred (see list above), 


If no error occurred, the code returned is @, When more 
than one error has occurred, only the code for the first 
error will be returned. After interrogation, the error 
code is set to zero until the next error occurs. 


3-148. interrogating Entry Parameters. 

3-149, Each entry parameter car: be interrogated by the 
controller to determine its value. ‘The programming syn- 
tax for interrogating entry parameters is: 


i, Mnemonic, EO] 


{ = the ASCII character I and indicates interrogation 
desired, 


Valid mnemonics (parameter to be interrogated): 
FR = Frequency 


AM = Amplitude 
OF = Offset 


System 
ASCH Bits Fail 
Character 3 thru 0 Bit 3 
@ 


Sweep Sweep Program 


Start Stop Error 


Bit 2 Bit 1 Bit O 


Mask Mask 
Mask Enable 
Mask Mask 
Mask Enable 
Enable Mask 
Enable Enable 
Enable Mask 
Enable Enable 
Mask Mask 
Mask Enable 
Mask Mask 
Mask Enable 
Enable Mask 
Enable Enable 
Enable Mask 
Enable Enable 


PH = Phase 

ST = Sweep Start Frequency 
SP = Sweep Stop Frequency 
MF = Sweep Marker Frequency 
TI = Sweep Time 


After recelving a parameter interrogation, the 3325A 
will send back the following the next time it is addressed 
to talk: 


Mnemonic, Data, Delimiter, CR (ASCII Carriage 
Return), LF & EOL (ASCII Line Feed with EO! 
sent simultaneously) 


Mnemonic = The mnemonic of the parameter being in- 
terrogated 


Data = 11 digits of ASCII numerics equal to the value 
of the specified parameter plus decimal point. If the 
value is negative, the first digit is a minus sign, 


Delimiter = The data suffix mnemonic denoting the 
parameter value (see Paragraph 3-120) 


NOTE 


Only one parameter can be interrogated by 
each interrogation message. 


3-150. Interrogating Function (Waveform). 

3-151, The 3325A may be interrogated by the controller 
to determine the current function programmed. The 
programming syntax for interrogating function is: 


], Mnemonic, EOS 


I = The ASCII character I and indicates interrogation 
desired 
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Mnemonic = FU = Function 


After receiving IFU, the 3325A will send back the 
following the next time it is addressed to talk: 


Mnemonic, Data, CR (ASCII Carriage Return), LF 
& EQI (ASCII Line Feed with EOI sent simul- 
taneously) 


Mnemonic = FU 


Data = One ASCII numeric indicating function as 
follows: 

@ = BDC Only (Offset) 

1 = Sine 

2 = Square 

3 = Triangle 

4 = Positive Slope Ramp 

5 = Negative Slope Ramp 


3-152. interrogating Miscellaneous Parameters. 


3-153. The other parameters shown below can be inter- 
rogated by the controller to determine their present 
state. The programming syntax is: 


I, Mnemonic, EOS 


I = The ASCII character I and indicates interrogation 
desired 


Valid Mnemonics (parameter to be interrogated): 


SM = Sweep Mode 

RF = Rear or Front Output* 
HV = High Voltage Output* 
MA = Amplitude Modulation 
MP = Phase Modulation 
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*Rear/Front output and High Voltage Output (Option 
002) are mutually exclusive. If either RF or HV is inter- 
rogated, the mnemonic and data returned will indicate 
the actual capability of the instrument and its state. For 
example, if the High Voltage option is present and OFF, 
HV@ will be returned in response to either IRF or IHV. 


After receiving an interrogation, the 3325A will send 
back the following the next time it is addressed to talk: 


Mnemonic, Data, CR (ASCII Carriage Return), LF 
& EOI (ASCII Line Feed with EOI sent simul- 
taneously) 


Mnemonic = The mnemonic of the parameter being in- 
terrogated 


Data = 1 ASCII digit specifying the state of the 
parameter. This is the same digit that would be used to 
program the parameter to that state. 


3-154. Using the Interrogate Capability. 


3-155, When the 3325A is changed from local to remote 
operation or vice versa, it retains its currently pro- 
grammed state until this program is changed by the 
operator or controller. This feature can be useful in set- 
ting up a program string for HP-IB programming. For 
example, using the 3325A in local, the operator can 
determine experimentally the parameters required to 
perform the operation or test desired. Then the 3325A 
can be placed in remote and its function and entry 
parameters interrogated. Each item can be stored by the 
controller and then combined to form the 3325A pro- 
gram string to be incorporated into the total HP-IB pro- 
gram. 
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3-156. 3325A Programming Procedure. 


3-157. The following examples are given to illustrate 
the basic procedure for developing a program. Program 
examples are shown in Appendix B-3, using the -hp- 
Model 9825A Calculator as the system controller. Ap- 
pendix A-3 diagrams the required messages. 


Example 1: 
Address controjler to talk, 
3325A to listen 


Send Program Data 


Example 2: 
Address controller to talk, 
3325A to listen 


Send Program Data 


Check for Require Service 
message 


If yes, determine reason 
from 3325A Status Byte 


Take corrective action if 
necessary 


Address Controller To 
Talk, 3325A To Listen 
Send Program Data 


Operation 


Address Controller To 
Talk, 3325A To Listen 


Send Program Data 


Require 
Service 


? 
Determine Reason for 
SRQ (Status Byte) 


Is 
Corrective 
Action 
Nena 


YES 


Corrective Action 
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APPENDIX A 
SECTION III 
META MESSAGES 
BLOCK DIAGRAMMED 


DATA MESSAGE — The Data message is the actual information that is sent from a talker 
to one or more listeners. This action requires the controller to first enter the command mode 
to set up the talker and listener(s) for the transfer of data. The information is then trans- 
ferred in the data modc. 


COMMAND MODE 
ADDRESSING ——— 4 


DIO 1-8 

DATA = UNLISTEN CONTROLLER TALK 

MESSAGE — ; DEVICE LISTEN 
077g 

DEVICE TALK 

CONTROLLER LISTEN 
DEVICE TALK 

ANOTHER DEVICE LISTEN 


TRIGGER — The Trigger message causes all addressed instruments with this capability to 
execute some predefined function simultaneously. 


DATA MODE 


ATN DID 1-8 


DEVICE DEPENDENT 


(FALSE) DATA 


The 3325A does not have Trigger capability. 


po COMMAND MODE —— 


DIO 148 DIO 1=8 
ATN UNLISTEN GROUP EXECUTE 
(TRUE} ? LISTEN ADDRESS TRIGGER 
077g 010g 


L— ADDRESSING — 


TRIGGER 
MESSAGE 


(GROUP EXECUTE} 


REN MUST BE TRUE BEFORE EXE— 
CUTING THE TRIGGER MESSAGE. 


CLEAR — The Clear message may be implemented for addressed devices or for all devices 
on the bus capable of responding. In both cases the controller places the bus in the command 
mode to execute the message. 


COMMAND MODE 


CLEAR 
MESSAGE ATN 
(TRUE) 
(ALL DEVICES) 
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COMMAND MOOE 


LISTENER ADDRESS 


Luu oe ADDRESSING sma! 


DIO 1-8 
SELECTED DEVICE 
CLEAR 

004g 


DIO 1-8 
UNLISTEN 
? 
077g 


CLEAR 
MESSAGE 
(SELECTED DEVICE} 


REMOTE — Only the system controller can place the device into the Remote operating con- 
dition. To implement the Remote message, the controller must set the REN line true. The 
HP-IB is then in the Remote Enable mode. The controller then sends the listen addresses of 
those devices that are to be placed in the Remote operating condition. Some instruments 
have been designed to enter the Remote mode as soon as REN is true. 


COMMAND MODE 


REMOTE peace 
MESSAGE UNLISTEN 
RE 
{FOA SELECTED > LISTEN ADDRESS 
DEVICE) 0773 


he — ADDRESSING —nme! 


REMOTE MESSAGE 
(ENABLE ONLY) 


LOCAL — The Local message will remove addressed devices from the Remote operating 
mode to local (front panel) control. The controller must place the HP-IB into the command 
mode and address to listen all devices that are to be returned to local. The Local message 
does not remove the HP-IB from the Remote mode, only the listening devices. 


COMMAND MODE 


LOCAL —_ blo 1% 
UNLISTEN C10 1-8 
MESSAGE in ; LISTEN ADDRESS GO TO LOCAL 
077, GTL-O0tg 


L_ appressinc J 
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LOCAL LOCKOUT — The Local Lockout message prevents the operator from placing the 
& instrument into local control from the front panel. The controller must be in the command 
mode to send the Local Lockout message. 


COMMAND MODE 


LOCAL O10 1-8 
LOCKOUT LOCAL LOCKOUT 


MESSAGE LLO-O21g 


REW MUST GE TRUE BEFORE EXE- 
CUTING THE LOCAL LOCKOUT MES- 
SAGE. 


CLEAR LOCKOUT AND SET LOCAL — This message removes all devices from the Local 
Lockout mode and causes them to revert to local control. Because the REN line is set false, 
the HP-IB is in the local mode. 


COMMAND MODE 


CLEAR 


LOCKOWT/LOCAL 
MESSAGE 


REQUIRE SERVICE — The Require Service message is implemented by a device setting the 
SRQ line true. The Require Service message and, therefore, the SRQ line js held true until a 
poll is conducted by the controller to determine the cause of the request for service, or until 
the device no longer needs service. 


REQUIRE — SRO 
SERVICE — {TRUE) 


MESSAGE 


*REFER TO THE STATUS BYTE MES— 
SAGE FOR THE SPECIFICATIONS 
REQUIRED TO FORCE SRO FALSE. 
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STATUS BYTE — The Status Byte message represents the operational status of a single in- . 
strument during a Serial Poll. A controller usually Serial Polls devices in response to a Re- & 
quire Service message. The controller requests device status from one device at a time. The 

status information byte (8 bits) sent by the device will tell whether that device needed service 

and why. A device will stop requesting service upon being Serial Polled, or if it no longer 

needs service. The controller initiates the message by placing the bus into the command 

mode, sending the Serial Poll Enable command, and addressing the specific devices to be 

polled, one at a time. The device then sends its Status Byte and clears the SRQ line provided 

the cause for the require Service message is no longer present. The controller then places the 

bus in the command mode to terminate the message with a Serial Poll Disable command. 


COMMAND MODE 


B10 1-8 DIO 1-8 
| STATUS BYTE ATN UNLISTEN SERIAL POLL wits Reena 
MESSAGE (TRUE) ? LISTEN ADDRESS ENABLE 
0778 030, 


DATA MODE 


cD D-¢ ae 
FALSE STATUS BYTE (FALSE) 


*THE $RQO LINE WILLNO? GO FALSE 
WMLESS THE DEVICE NO LONGER 
REQUIRES SERVICE. 


COMMAND MODE 


DIO 1-8 
SERIAL POLL 


DISABLE 
031g 


STATUS BIT — The Status Bit message is sent by a device to the controller to indicate its 
operational status in response to a Parallel Poll. Paralle) Polling consists of the controller re- 
questing one bit of status from each device simultaneously. The Parallel Poll may consist of 
three types of operations: Configuring, Polling, and Unconfiguring. In Configuring, the 
controller assigns each device a logic level and bit (on the bus data lines) for a poll response. 
During polling, each device responds on its assigned data line with the appropriate logic 
level. In Unconfiguring, the controller negates the bit and level assignments for all or 
selected devices, Several devices may be assigned to the same bit and level, causing their 
response bits to be logically ORed or ANDed. & 


A4 


Model 3325A Appendix A 


CONTROLLER TO DEVICE 


& 


PARALLEL 


PARALLEL 


DIO 1-8 eon POLL 
STATUS UNLISTEN POLL ENABLE 
MESSAGE BIT ? tle CONFIGURE PPE 1405 

(CONFIGURE) 077g AUER PPE (058) THRU 157g 


DEVICE TQ CONTROLLER 
_ a PARALLEL POLL RESPONSE 
SAG 
POLLING) ee STATUS BIT 
FROM DEVICES 


STATUS 


E01 
(FALSE) 


CONTROLLER TO DEVICE 


STATUS DIO 1-8 c-0 PARALLEL PARALLEL 
UNLISTEN LISTEN POLL POLL 
MESSAGE BIT > pe bela chante 


(UNCONFIGURE) 077g ADDRESS PPD (05%) PPD (160g) 


_ PPE ASSIGNS THE LOGIC LEVEL ANG BATA LINE OF 


A DEVICE(S) RESPONSE, 140g THR 147g ASSIGN 
THE LOW (TRUE! LEVEL AND 150g THRW 15079 
ASSIGNS THE HIGH (FALSE) LEVEL, 140g AND 150g 
ASSIGNS BIT 2° (DATA LINE 11, 141g AND 157g 
WHICH ASSIGN BIT 27 AND IS THE LAST POSSIBLE 
PARALLEL ASSIGNMENT. 

POLL 


UNCGONFIGURE 
PPU (0255) 


The 3325A does not respond to Parallel Poll. 


ASS 
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PASS CONTROL — The Pass Control message transfers bus management responsibilities 
from the active controller to another controller. In order to pass control, the active con- @ 


troller must enter the command mode, send the talk address, and the HP-IB characters for 
talk control. 


COMMAND MODE 


pio 1-8 # 
PASS BIO 1-3 
UNLISTEN TALK ADDRESSING OF ATN 
CONTROL 3 RECEIVING CONTROLLER TAKE CONTROL (FALSE) 
MESSAGE oe O1g 
g 


*THE RECEIVING CONTROLLER TAKES 
CONTROL AT THIS TIME, 


The 3325A does not respond to the Pass Control message. 


ABORT —The system Controller implements the Abort Message to regain control of the 
HP-IB from the active controller. 


IFC 
TRUE 


ABORT —_—_ 
MESSAGE — (WNADDRESSES 
ALL DEVICES) 
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APPENDIX B 
SECTION Ill 


PROGRAMMING THE MODEL 3325A 
with the 
MODEL 9825A CALCULATOR 


The following basic examples are provided to assis the operator in developing programs for 
the Model 3325A in an HP-IB system which uses the -hp- Model 9825A Calculator as the 
system controller. The calculator must be equipped with a General 1/O ROM and an HP-IB 
Interface set to select code 7, The calculator (controller) normally holds the REN line true, 
unless the “Ic! 7’’ (local) command is sent. REN may be returned to the true state by the 
“rem 7’? (remote) command. 


Example 1: This is a basic program statement which accomplishes the following: 


Address the controller to talk 
Address the 3325A to listen 
Sent Program Data: 
Function: Sine 
Frequency: 5 kHz 
Amplitude: 3 Vp-p 
Offset: +1.5 V 


This portion places the bus in the command mode, 
addresses the calculator to talk and the 3325A to 
listen 


Change to data mode 


Function 
Rrequenty All alphabetics must 
Amplitude . be capitals 


_ Offset 
er, i, es, 


Mt owret Files “PULFRSENAMSYOOR DT, Sy" 


The last parameter programmed can be changed without sending the parameter mnemonic. 
For example, following the program string above, the offset (OF) may be changed to 1 V by 
sending ‘‘1VQ’’, 
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Example: 2: This program sets up sweep parameters and initiates a single sweep. 


Address the controller to talk 
Address the 3325A to listen 
Send Program Data: 
Function: Sine 
Amplitude: 3 Vrms 
Start Frequency: 1 kHz 
Stop Frequency: 10 kHz 
Marker Frequency: 5 kHz 
Sweep Time: 2 seconds 
Start Single Sweep 


NOTE 
To start a single sweep the mnemonic ‘SS“ must 
be sent twice. The first “‘SS”’ sets the 3325A to the 


Start frequency, and the second “‘SS’’ starts the 
sweep. 


7 = Interface select code 
17 = 3325A address 
Function 
Amplitude 
Start Frequency 
Stop Frequency 
»Marker Freq 
Sweep Time 
Start Single 
pm pe tins, 


i ili, A ean, a Re, 


Bi wet Pies "FULAMSYRSTIKHSPLGKHMFSKHT Te2sessss ” 
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Example 3: This example checks the ‘‘Require Service’ status of the 3325A and if it did re- 


quest service, determines the reason. 


MFSEHTITSSe 


d: dar "PROC 
TH PROGR Fil 


mT, 


hE PLY romut 
af Beas 
we yp ape th 


“Tnvoalid elimi 
her 
oe. a4 ESsrert 
"Freq too large 
for Fumeddian" 
So gf Ee gape 
"She me Dame 


Invalid’ 


“Ure ca 


em Poe 


1. Enables all service request conditions. 


2. Program data contains an error. Stop frequency 
(SP15KH) is too large for triangle function (FU3). 


3. Wait statement allows time for sweep to start 
before reading status. 


4. Read status byte from the 3325A and place in the 
calculator variable ‘*S’’. 

5 If bit 6 of the status byte = 1, the 3325A did request 
service. Go to subroutine to determine the reason. 


6. Programming continues at this point if the 3325A 
did not request service or upon returning from the 
subroutine. 

7. If service request resulted from a program string 
error, interrogate the 3325A to determine the error 
code and place in the calculator variable ‘‘E’’. 


8. Determine the nature of the program error. 
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wit lds 
“UE id eae 

ities 
NS Wp ae Be 

{ty 
“Ry St é 

at fa 
“Sue & 

[ia 
"Ray 


service 
Pregeram Error 
Sueer FPargheter 
Error 


Reaves BePYL oe 
Starred (2d 


ze dra 


z= tm, 
ire PE ie 
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9. Determine other reason for service request and if 
**Sweeping’’ or ‘‘Busy’’ flags were true. 


10. Return from subroutine. 
11. Printer records the results of the serial poll. 
12. If the program string were corrected to make all 


data valid, this printout would result from the above 
program. 


Example 4: The 3325A can be set up manually to the optimum parameters needed for the 
test to be performed, then the calculator can interrogate the 3325A to determine and record 
these parameters. This example program interrogates: 


Function: [FU 
Frequency: IFR, 
Amplitude: IAM 
DC Offset: IOF 


Bae Giese Fire LE 
tryed rivaWafud 
feo oprt “Furoti en 
25 hd 


Line @ Write statement interrogates Function; read 
statement addresses 3325A to talk, calculator to 
listen, and places data in variable W; ‘‘fxd 6”’ fixes six 
decimal places. 


Line 1 Because only numerical data can be placed in 
the variables, print statements may include in quotes 
the parameter interrogated. 
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mary 
wi y a 
Fit fi 


Furgctian & 
Le 
os a 


LAee, 


ol oz 


Aree latude 


x. 


Offset = 


ia 
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Lines 2 - 7 Other parameters are interrogated. 
Amplitude data acquired by this program does not in- 
dicate the units programmed. Frequency is always 
returned in Hz and DC Offset in Volts. 


This printcut results from the above program. 


If the calculator is equipped with a String Variable ROM, the interrogate program may be 
changed to the following. Because string variables accept both alpha and numeric 
characters, the resulting printout includes the mnemonics and delimiters (units). 


mt ; 
Mls As C5) » 


TAM” 


twas 


TOF ° 


SEM TEER. BE 


KAR Le 
HORE, FAL ea oO 


1. Dimension a string variable for each parameter 
you want to interrogate. The dimension number (in 
brackets) is the number of spaces assigned to the 
variable. 


2. This printout results when string variables are 
used. 
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Example 5: The 3325A can be made to sweep amplitude (in steps) if a for/next statement Is 
used in the calculator program. It is recommended that the upper and lower amplitude limits 
selected be on the same range because irregularities in the sweep will occur if the attenuator 


relays are switched, 


Gs wrt Five "FULF 


Bed Be pe Cl A 
13 for Is3 to 

TH by .dawet 
Piva Ta UO" 


Line 9 DC Offset (OF@VO) is programmed to zero 
because any offset would be incompatible with the 10 
V maximum amplitude of this sweep. 


Line 1 The sweep limits (3 to 10) are on the same 
range. The sweep increment is in .1 V steps. Because 
amplitude was the last parameter programmed, the 
write statement does not require the “‘AM’’ 
mnemonic. 


Line 2 The calculator returns to Line 1 until I = 10, then 
proceeds to Line 3. 


Line 3 The sweep decrement is also in .{ V steps. 


Line 5 Return to Line 1 to continue sweeping. 


The sweep speed is determined by calculator and 3325A data transfer and processing times. If a 
slower sweep time is desired, wait statements may be added before the ‘‘next I’’ statements. 
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MODEL 3325A 
© SYNTHESIZER/FUNCTION GENERATOR 
5 HP-IB PROGRAMMING CODE 
{ASCII Characters} 


FUnction 
“DC only @ High Voltage Output 
Sine 1 On ! 
Square 2 Off 
Triangle 3 
Positive Ramp 4 Amplitude Modulation - MA 
Negative Ramp 5 On 1 
Off 4) 
FRequency 
~~ bye HZ Phase Modulation — MP 
kHz KH On ] 
MHz MH Off 9 
AMplitude Data 
~~" Volts p-p vo "i G 
mVp-p MV J l 
Vrms VR 2 2 
mVrms MR 3 3 
dBm DB 4 4 
5 5 
DC QF fset 6 6 
Volts 1/0) a 7 
mV MV 8 8 
9 9 
PHase ee = 
© “Degrees DE (Decimal) 
Sweep STart Frequency Interrogate Operations 
a Function IFU 
Sweep StoP Frequency Frequency IFR 
os Amplitude IAM 
Sweep Marker Frequency Offset 1Or 
a _ Phase IPH 
Sweep Time Swp Start Freq IST 
Seconds SE Swp Stop Freq ISP 
Swp Mkr Freq IMF 
Sweep Mode Sweep Time IT] 
~~ near | Swecp Mode ISM 
Logarithmic 5) Rear/Front Out IRF 
High Volt Out IHV 
StoRe Program Error IER 
6-9 Program Mode IMD 
Amptd Mode IMA 
REcall Program Phase Mode IMP 
0-9 Error Codes (See Paragraph 3-146) 
Rear or Front Panel Output 1. Entry parameter out of bounds 
Front I 2. Invalid detimiter 
Rear 2 3. Frequency too large Tor function 
Execution Functions 4, Sweep time too small or too large 
Assign Zero Phase 5. Offset and amplitude incompatible 
Perform Amptd Cal 6. Sweep frequency or bandwidth error 
“Start Single* 7. Unrecognizable mnemonic 
® Start Continuous 8. Unrecognizable data character 
Perform Self TEst 9, Option does not exist 


*Start Single code must be sent twice ‘‘SSSS’’. The first ‘‘SS** resets the sweep to start conditions and 
the second ‘'S5’” starts the sweep. 


B-7 


Model 3325A 


Appendix B 


@ e © 
GSLNSW31dA1 LON=N 3A130349 ONY GN3S=yS ATINO JA! 30gu=4 AING QN3AS=S* 


T7907 Las aNv¥ 
LNOYSO] YAO 


a a a 
Sn a 
Sa Oa 
a a OO 
Ss a 
Fa 
ee 


ea a (A RAD ree meer RE eee) ree eee (ee) ee ee 
Pot Issaucay 
ae CEN UO PR (ARES (a a eee Meera eee | eek) (eee: ee | NBLS 19 | 
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Performance Tests 


SECTION IV 
PERFORMANCE TESTS 


4-1. INTRODUCTION. 


4-2. This section contains tests which are in-cabinet 
procedures to determine whether the instrument is 
operating properly. In the Operating and Service 
Manual two sets of procedures are provided: 


a, Operational Verification procedures which are 
recommended for incoming inspection and general 
afler-repair tests. 


b. Performance Tests which compare the instrument 
operation to the specifications listed in Table 1-1. 
The Operating Supplement contains only the Opera- 
Uonal Verification Procedures. 


4-3, CALCULATOR-CONTROLLED TEST. 


4-4. The only calculator-controlled test in these pro- 
cedures tests the HP-IB interface circuits for proper 
operation, All input and output lines are tested. The 
program used for this test is written specifically for the 
-hp- Model 9825A Calculator but may be adapted to 
other controllers. The calculator prints the test results. 
This test is recommended for both the Operational 
Verification Checks and the Performance Tests. 


4.5. OPERATIONAL VERIFICATION. 


4-6, The following procedures are recommended for in- 
coming inspection and for testing the instrument after 
repair. Additional tests to be performed following 
repair of certain circuits are indicated in Section VIII. 
Ani Operational Verification Record is located at the 
end of this section. For ease of recording the test data at 
various times, copies of the blank Operational Verifica- 
tion Record may be made without written permission 
from Hewlett-Packard. 


4-7, Operational Verification includes the following 
procedures: 


Par. No. Test 
4-10 Self Test 
4-12 Sine Wave Verification 
4.14 Square Wave Verification 
4-16 Triangle and Ramp Verification 
4-18 Amplitude Flatness Check 
4-20 Syne Output Check 
4.22 Frequency Accuracy 
4-24 Output Level and Attenuator Check 
4-26 Harmonic Distortion Test 


4-28 Close-in Spurious Signal Test 
4.30 HP-IB Interface Test 


4-8. Required Test Equipment. 


4-9, A list of test equipment required for the Opera- 
tional Verification procedures is given in Table 4-1. Any 
equipment that satisfies the critical specifications given 
in the table may be substituted for the recommended 
model. 


4-10. Self Test. 


4-11. This test uses the control, ROM, and control 
clock circuits to verify operation of these and other cir- 
cuits, The following front panel indications result from 
this test. 


LED check: Turns on all LED’s for about two 
seconds 


The following messages are displayed for about 
one second: 
OSC FAIL - displayed only if the VCO is not con- 
trolled (displayed continuously after test) 
PASS or FAIL 1 - tests AMPTD CAL of sine 
wave 
PASS or FAIL 2 - tests AMPTD CAL of square 
wave 
PASS or FAIL 3 - tests AMPTD CAL of triangle 


Press the blue entry prefix key, then press SELF TEST 
(AMPTD CAL) key. All LED’s should light, and the 
display should not indicate any failures. 


4-12. Sine Wave Verification. 


4.13. This procedure visually checks the sine wave out- 
put for the correct frequency and any visible ir- 
regularities. 


Equipment Required: Oscilloscope (-hp- Model 1740A) 


a. Connect the 3325A_ signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp- 
Model 1740A, set the input switch to the 50-ohm posi- 
tion. If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm Feed- 
thru Termination) at the input. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002)..... Off 


FUNCHON ce aie ky Ceweg ranks cere Sine 
Frequency... 0... ccc eee eee 20 MHz 
Amplitude... 0.0.0.2... 0000 c uae 10 V p-p 
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Table 4-1. Tast eee Required for eee Verification. @ 


| Recommended Model | Model 


-hp- 1740A 


-hp- 53284 
with Opt. 040 or 041 


Hinstrument 


Oscilloscope 


Electronic Counter 


Critical | Gritical Specifications 


Vertical: 

Bandwidth: de to 100 MHz 
Deflection: 1 V to 5 V/div 
Horizontal: 

Sweep: .O5z5 to 1 s/div 
External Sweep Input 


Fraquéncy méasurement to 20 MHz 
Accuracy: +2 counts 
Resolution: 8 digits 


BC Digital Voltmeter “hp- 34554 


Ranges: 0.1 V to 100 V 
Resolution: 6 digits 
Accuracy: 0.1% 


50-ohm load Accuracy: +0,.2% -hp- 11048C 
Power Rating: 1 W 


-hp- 1417/85528/8553B/ 
BBGGA/856B8A 


Fraquéncy Range: 1 MHz to 80 MHz 
Amplitude Accuracy: +0.5 dB 
Noisa: > 70 dB below reference 


High Frequency 
Spactrum Analyzer 


Frequency Range: 100 Hz to 50 kHz -hp- 3580A/3585A 
Amplitude Range: 2 m V to 20 V 
Noise: >80 dB below input refarence 


or — 140 dBv 


56.20 1/BW 1.0% -hp- 0757-0395 
BNC female-to-dual banana plug «hp: 1250-2277 


HP-IB Contral Capability -hp- 9825A with 


Low frequency 
Spactrum Analyzer 


Calculator 


Resistor 4702 2W 5% 


c. Set the oscilloscope vertical control to 2 V/div, 
horizontal to .05 ys/div. 


d. The oscilloscope should display one cycle per divi- 
sion, approximately five divisions peak-to-peak. 


e. Change 3325A frequency to 1 MHz. 


f. Change oscilloscope horizontal control to .1 
ps/div, 


g. The oscilloscope should display one sine wave hav- 
ing no visible irregularities. 


High Voltage Output (Option 002) 
h. Set the oscilloscope vertical control to 5 V/div. 


i. Set the oscilloscope input switch to 1 Mf?) de coupl- 
ed position (or disconnect external 50-ohm load). 


4.2 


980344 Interface, 
General (/O ROM, 
Extended I/O ROM 


-hp- 0698-3634 


j. Press 3325A High Voltage Output key (lower right 
corner of front panel). 


k. Change 3325A amplitude to 40 V p-p. The 
oscilloscope should display one sine wave approximate- 


ly eight divisions peak-to-peak having no visible ir- 
regularities. 


], Press the High Voltage Output key again to turn the 
option off. 


4-14. Square Wave Verification. 


4-15. This procedure checks the square wave output for 
frequency, rise time, and abberrations. 


Equipment Required: Oscilloscope (-hp- Model 1740A) 


Model 3325A 


a. Connect the 3325A signal output to the 
oscilloscope vertical input. If the oscilloscope ig an -hp- 
Model 1740A, set the input switch to the 50-ohm pasi- 
tion. If your oscilloscope does not have a $0-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm Feed- 
thru Termination) at the input. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
Function .......----.-,-2--02e40s Square 
FYEQUuency .... ccc cece eee ence 1 MHz 
Amplitude .........ccc eae eres 10V p-p 


c. Set the oscilloscope vertical control to 2 V/div, 
horizontal to .2 us/div. The oscilloscope should display 
two square waves, approximately five divisions peak-to- 
peak. 


d. Switch the oscilloscope vertical control to 1 V/div. 
50 that the abberrations (overshoot and ringing) can be 
measured. Aberration excursion should be less than 500 
mV (4 div.). 


e. Repeat Step d at 2 kHz and .1 ms/div. 


f. Adjust the oscilloscope vertical and horizontal 
controls so that the square wave rise time between the 
16% and 90% points can be measured. Rise time should 
be less than 20 nanoseconds. 


4-16. Triangle and Ramp Verification. 


4-17. This procedure checks the triangle and ramp out- 
put signals for frequency, shape, and ramp retrace time. 


Equipment Required: Oscilloscope (-hp- Model 1740A) 


a. Connect the 3325A signal output to the oscilloscope 
vertical input. If the oscilloscope is an -hp- Model 1740A, 
set the input switch to the 50-ohm position. If your oscil- 
loscope does not have a 50-ohm input, use a 50-ohm load 
(-hp- Model 11048C $0-ohm Feedthru Termination) at 
the input. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
Function 2.0.0... case eae Triangle 
Frequency .....e eee r creer eee ceeee 10kHz 
Amplitude ... 00.0.0... cee 10 V p-p 


c. Set the oscilloscope vertical control to 2 V/div, 
horizontal to .1 ms/div. The oscilloscope should display 
one triangle wave pet division, approximately five divi- 
sions peak-to-peak. 


d, Change the 3325A function to positive slope ramp. 
The display should be one ramp per division, approxi- 
mately five divisions peak-to-peak. 
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e. Change 3325A function to negative slope ramp. 
The display should be one ramp per division, approx- 
imately five divisions peak-to-peak. 


f. Change the oscilloscope horizontal and vertical 
controls so that the ramp retrace time from the 90% to 
10% points can be measured, Retrace time should be 
less than 3 ys. 


g. Change 3325A function to positive slope ramp and 
repeat Step f. 


h. Change 3325A function to triangle. 


i. Set oscilloscope vertical control to 2 V/div, 
horizontal to 10 4s/div, The oscilloscope should display 
one triangle wave with no visible irregularities in either 
slope. 


4-18. Amplitude Flatness Check. 


4-19, This procedure provides a visual check of the sine 
wave amplitude flatness. 


Equipment Required: Oscilloscope (-hp- Model 1740A) 


a. Connect the 3325A signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp- 
Model 1740A, set the input switch to the 50-ohm posi- 
tion. If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm Feed- 
thru Termination) at the input. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
PUNCHHON fee ee eee es ee dae Sine 
FIequeney 6... 02 0c cece eee eee 2 kHz 
Amplitude ..........2--00 ce eeee 10 Vp-p 
Sweep Start Freq .........0-0. ea ee 0 Hz 
Sweep Stop Freq.............00-- 20 MHz 
Sweep Marker Freq ........0000 eee 5 MHz 
Sweep TIME... 0... cece eee eet 01 sec 


¢. Connect the 3325A X-Drive output to the oscillo- 
scope’s channel B input. Connect the 3325A signal out- 
put to the oscilloscope’s channel A input. 


* d. Set the oscilloscope as follows: 


Display..c. co ieeedieas MeRs kaa webs Avs B 

Channel A Sensitivity .........02-00es eee 1V/div 
(uncal - adjust for full vertical deflection) 

Channel B Sensitivity ......-..0.0c cerca 0.5V/div 


(uncal - adjust for full horizontal sweep) 


* Settings may vary from one oscilloscope to another. 
Note that whichever scope is used, it should be operated 
ina “X-Y’’ mode, with the 3325A X-Drive output driv- 
ing the horizontal (X) sweep and the signal output driv- 
ing the scope’s vertical (Y) channel. 
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e. Press the 3325A START CONT key, 


f. The oscilloscope display should show a sweep that 
is essentially flat, dropping no more than 3.5%. Any D.C. 
variations should be ignored, taking the peak-to-peak 
reading for flatness comparison. 


4-20. Sync Output Check. 
4-21. This test verifies the sync output signal levels, 
Equipment Required: Oscilloscope (-hp- Model 1740A) 


a. Connect the 3325A sync output to the oscilloscope 
vertical input. If the oscilloscope is an -hp- Model 
1740A, set the input switch to the 50-ohm position, If 
your oscilloscope does not have a 50-ohm input, use a 
50-ohm load (-hp- Model 11048C 50-ohm Feedthru Ter- 
mination) at the input. 


b, Set the 3325A function to sine, frequency to 20 
MHz. 


c, Adjust the oscilloscope controls to measure the 
high and low voltage levels of the sine square wave, The 
high level should be greater than +1.2 V and the low 
level should be less than +0.2 V. 


4-22. Frequency Accuracy. 


4-23, This test compares the accuracy of the 3325A out- 
put signal to the specification in Table 1-1: +5 x 10-6 
of selected frequency. 


Equipment Required: Electronic Counter (-hp- Model 
5328A, calibrated within three months or with an 
accurate 10 MHz external reference input) 


a. Connect the 3325A signal output to the electronic 
counter channel A input with a 50 02 load. Allow 3325A 
and counter to warm up for 20 minutes. 


b, Set the 3325A output as follows: 


Function ........22.0.0---. cc cee ee Sine 
Frequency: i035 60st Sea haa oe 20 MHz 
Amplitude .......c0cceveaaaae 0.99 V P-P 
DC Offset oo... 0.00.2 eee ee eee OV 


¢. Set the counter to count the frequency of the A input 
with 0.1Hz resolution, and adjust for stable triggering. 
Electronic counter should indicate 20 000 000.0Hz 
+ 100Hz. 


d. Change 3325A function to square wave, Frequen- 
cy automatically changes to 10 MHz. Electronic counter 
should indicate 10 000 000.0 Hz +50 Hz. 


e, Change 3325A function to triangle. Frequency auto- 
matically changes to 10kHz, Move the counter input to 
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the syne output of the 3325A. Set the counter to average 
1000 periods. Electronic counter should indicate 100 
000.00ns +0.5ns. 


f. Change 3325A function to positive slope ramp. 
Electronic counter should indicate 100,000 ns + .5 ns. 


4-24, Output Level and Attenuator Check, 


4-25, This procedure checks the output level and the at- 
tenuator by using the ‘‘de only’’ function. 


Equipment Required: 
DC Digital Voltmeter (-hp- Model 3455A) 
50-ohm Feedthru Termination (-hp- Model 11048C) 


a. Connect the 3325A signal output through a 
50-ohm feedthru termination to a de digital voltmeter 
input. 


b. If the instrument has High Voltage Output Option 
002, make sure the High Voltage Output is Off (High 
Voltage indicator light in the center of the “SIGNAL” 
key in the lower right corner of the front panel if Off). 


c. Press whichever function key is presently active, 
indicated by a lighted indicator in the center of the key. 
This removes the ac output. The indicator in the center 
of the DC OFFSET key should light. 


d. Set the 3325A dc offset to -5 V, then press the 
AMPTD CAL key. 


e. The de digital voltmeter reading should be -4.980V 
to -5.020V. 


f, Change 3325A de offset to (+)5 V. Digital 
voltmeter reading should be +4,980 V to +5.020 V. 


g. Change 3325A dc offset to the following voltages. 
The voltmeter readings should be within the tolerances 
shown. 


DC Offset Tolerances 
+1,499 V + 1.49300 to 1.50499 V 

+ 499.9 mV +0.49790 to 0.50190 V 
+149.9 mV + 0.14930 to 0.15050 V 
+49,99 mV + 0.04979 to 0.05019 V 
+ 14.99 mV +0.01493 to 0.01505 V 
+4.999 mV + 0.004979 to 0.005019 V 
+ 1.499 mV +0,001479 to 0.001519 V 


High Voliage Output Option 002 DC Offset 


h. Remove the 50-chm feedthru termination and 
connect the 3325A output directly to the digital 
voltmeter input. 
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i. Press the “SIGNAL” key in the lower right corner 

» of the 3325A front panel to select High Voltage Output 

{Option 002). Lighted indicator in the center of this key 
indicates High Voltage Output is on. 


j. Set 3325A de offset to 20 V. Digital voltmeter 
reading should be + 19.775 V to + 20.225 V. 


k. Set 3325A de offset to ~20 V. Digital voltmeter 
reading should be —19.775 V to — 20.225 V. 


4-26. Harmonic Distortion Test. 


4-27. This procedure tests the harmonic distortion of 
the 3325A sine wave output against the following 
specifications from Table 1-1. 


Harmonic Distortion (relative to fundamental) 


Fundamental No Harmonic 
Frequency Greater Than 
0.1 Hz to 50 kHz —65 dB 
50 kHz to 200 kHz — 60 dB 
200 kHz to 2 MHz — 40 dB 
2 MHz to 15 MHz —30 dB 
15 MHz to 20 MHz -25 dB 


Equipment Required: 
® High Frequency Spectrum Analyzer (-hp- Model 141T/ 
" 8552B/8553B/8566A/8568A) 
Low Frequency Spectrum Analyzer 
{-hp- Model 3580A/ 3585A) 
50-ohm Feedthru Termination (-hp- Model 11048C) 
Resistor 4700 2W 5% (-hp- 0698-3634) 
Resistor 56,20 1/8W 1% (-hp- 0757-0395) 
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a. Set the 3325A output as follows: 


High Voltage Output (Option 002) ..... Off 
Punctionl oc. eee eee dea ees Sine 
PreQuency iii ii cae dee eee eee a 20 MHz 
Amplitude.........ec seer eee 999mVp-p 


b. Connect the 3325A signal output to the high fre- 
quency spectrum analyzer’s 50 ohm input. 


¢. Set the spectrum analyzer controls to display the fun- 
damental and at least four harmonics. Verify that all har- 
monics are 25dB below the fundamental. 


d. Set the 3325A to the following frequencies and verify 
that all harmonics are below the specified levels, relative 
to the fundamental. 


13 MHz —30dB 
2 MHz —40dB 
200 kHz -60dB 


e. Disconnect the 3325A from the high frequency spec- 
trum analyzer and connect it to the low frequency spec- 
trum analyzer’s 50 ohm input. 


f. Set the 3325A frequency to 50kHz and the ampli- 
tude to 9.99mVp-p. 


g. Set the spectrum analyzer controls to display the fun- 
damental and at least three harmonics. (It may be neces- 
sary to decrease the analyzer’s video bandwidth to 
separate the harmonics from the noise floor.) Verify that 
all harmonics are at Jeast 65dB below the fundamental. 


LOW FREQUENCY 
SPECTRUM ANALYZER 


Figure 4-1. Harmonic Distortion Verification 
{High Voltage Output). 
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h. Set the 3325A to the following frequencies and verify 
that all harmonics are 65dB below the fundamental. 


10kHz 
IkHz 
100Hz 


High Voltage Output (Option 2) 


i. Connect the 3325A signal output to the low fre- 
quency spectrum analyzer’s 500 input. (See Figure 4-1,) 


j. Press the ‘‘high voltage output’’ key on the 3325A. 
Set the amplitude to 40Vp-p and the frequency to 1O0Hz. 


k. Set the spectrum analyzer controls to display the fun- 
damental and at least three harmonics. Verify that all har- 
monics are 65dB below the fundamental. 


], Set the 3325A to the following frequencies and verify 
that their harmonics are below the specified levels, rela- 
tive to the fundamental. 


10kHz -65dB 
200kHz -60dB 


IMHz_~ -40dB 


m. Press the high voltage output key to deactivate the 
high voltage output. 


4-28. Close-In Spurious Signal Test. 


4-29. This procedure tests the sine wave output for 
spurious signals which may be generated by the 3325A 
frequency synthesis circuits. The spurious signals must 
be more than 70 dB lower than the fundamental signal. 


Equipment Required: Spectrum Analyzer (-hp-3585A/ 
8566A/8568A) 


a. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
Function 2.0... ieee cece Sine 
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FICQUeNhCy ... cece cece eee eres 20,00]MHz 
Amplitude ....... cece cece eras -2.99dBm 
DC Offsetins Hiss iia ae ie edn cone Ov 


b. Connect the 3325A signal output to the spectrum 
analyzer’s 50 ohm input. 


c. Set the spectrum analyzer controls for a center fre- 
quency of 20.001MHz, a resolution bandwidth of 30Hz, 
a 100Hz/div frequency span, with the fundamental refer- 
enced to the top of the display graticule. 


d. Set the spectrum analyzer center frequency to 
20,002, 20,003, and 20,004MHz, verifying in each case 
that all spurious signals are more than 70dB below the 
fundamental. 


4-30. HP-IB Interface Test. 


4-31. The following calculator program tests the opera- 
tion of the 33254 HP-IB interface circuits. The pro- 
gram is written for an -hp- Model 9825A calculator but 
may be adapted for other controllers. 


Equipment Required: 
-hp- Model 9825A Calculator equipped with: 
98034A HP-IB Interface (set to select code 7) 
Any combination of ROM’s that includes a General 
1/0 ROM and an Extended 1/0 ROM 


a. Connect the calculator interface cable to the 
3325A rear panel HP-IB connector. It is recommended 
that no other equipment be connected to this HP-IB 
during this test. 


b. Enter the program into the calculator. 


c. Press RUN. Tests 4 through 7 in this program re- 
quire the operator to press CONTINUE if the test 
passes, or 1 CONTINUE if the test fails. If the Test 4 
question (SRQ LIGHT ON?, 1 = NO) does not appear 
in the calculator display within 30 seconds after start of 
the program (RUN), the 3325A and calculator are not 
interfacing properly. The calculator may display an er- 
ror indication that will identify the problem. If not, the 
3325A HP-IB circuits are probably not operating cor. 
rectly. 
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Instrument Returns To Known Conditions After Self 
Test 


Test 1 - Did Frequency Go To 1000 Hz? 


Test 2 - Interrogate Frequency 


Test 3 — Interrogate Amplitude 


Test 4 ~ Test SRQ Circuits 


Test 5 ~ Test Talk Circuits 


Test 6 — Test Listen Circuits 


Test 7 - Test Remote Circuits 


Perform Self Test 
N 


PROGRAM FLOWCHART 


Enter 3325A Bus Address 


Freq = 1000 Hz? 


Program: 
Freq = 1234.56789 Hz 


AMPTD = 50 mV 


Is NO 
Frequency 


Correct 


Is NO 
Amplitude 


Correct 


Program Sweep: 
1 kHz to 10 kHz 


10 sec, Enable Mask 


SRO No 
Light On 


NO 


Listen 
Light On 


REM NO 
Light On 


Print Results 


le) 
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ERROR 


ERROR 


ERROR 


ERROR 


ERROR 


ERROR 


ERROR 
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a OR Re Serrano a 
| 


Clear the 3325A to Turn-on State 
Set HP-IB Remote Enable (Select Code 7) 


Perform Self Test 

interrogate Frequency 

Read 3325A Frequency 
Compare Frequency to 1000 Hz 


Foe PSOE RMS! Set Freq to 1234.567890 Hz, Amptd to 50mV 
ram tore Settings in Register 3 
Sip oA Seinen ee ae 474 the 3325A 
Wit Ha "RES"... Reeall Settings in Register 3 
“TEST é ny 
ae Interrogate Frequency 
red Pla Gy Read Frequency 


if G8les4, Ser Compare to Frequency Stored 


Interrogate Amplitude 
Read Amplitude 
Compare to Amplitude Stored 
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SP LPaKE Spy TL Lee “‘4Lin Sweep 1—-10kHz, Enable SRO Mask 
Clear Interface, interface to Local 
LIGHT CHa 2h" o pol ——K——Did 3325A Initiate SRO? 


Read Status into Variable 5 

Set Remote Enable 

Read from the 3325A 

Did 3325A respond to Talk Command? 


GH Pehl a peo 


“THLE 


LIGHT 


a ee Write to the 3325A, Interface to Local 
"PTSTEM LEGHYT GH? s be hib' sre —— Did 3325A respond to Listen Command? 


Remote Interface, Write to 3325A, 
rep Pale eae) i ; se = seClear Interface 
becedert “REMMITE LIGHT Otis Lehi" »?—-—-———\ Did the 3325A Respond to Remote? 


ff gi —— a Print Results of Tests 
FATLL 


an rT 


sYea"eCiif Catiara @ 


Self Contained Program may be 
Linked or Used as a Subroutine 


Performance Tests Model 3325A 


Variables used in this Test Program: 


A Address of 3325A (defaults to 717) 

F Frequency read from 3325A in test #1 

G Frequency read from 3325A in test #2 

H Amplitude read from 3325A in test #3 

| Counter used to print test results 
ri-r7 Test results (0 = Pass, 1 = Fail) 

§ Status read from 3325A in test #5 


Samples of Program Printouts: 


EERE HSS SHH HE HS EREHRESL HE TAA SEE 

HP~IE TEST =LE bs 

FREER RBH REY REPRE REE THESES @ 

BEREY*eeeeeeae HEGRE RE SSE 

TEST RESULTS: TEST RESULTS: 

TEST t TEST 1 
PASS PASS 

TEST 2 TEST 
PASS PASS 

TEST 5 TEST 3 
PASS PASS 

TEST rt FEST 4 

FAIL PROS 

TEST 5 Teod a 
PAES PASS 

FEST 6 Teed 6 
FASS PASE 

TEST 7 LEST i 
PRS FASS 

SeHRE ESE LE HEHEHE HEELS L ELLA LRH ESS 
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4-32, PERFORMANCE TESTS. 4-43 Amplitude Modulation Envelope Distor 
tion 
®@ 4-33, The following procedures compare the instrument 4-45 Square Wave Rise Time and Aberrations 
operation to its specifications, listed in Table 1-1, A 4-47 Ramp Retrace Time 
Performance Test Record is located at the end of this 4-49 Syne Output 
section. This Test Record lists all of the tested specifica- 4-51 Square Wave Symmetry 
tions and the acceptable limits. For ease of recording 4-53 Frequency Accuracy 
data at various times, copies of the blank Performance 4-55 Phase Increment Accuracy 
Test Record may be made without written permission 4-57 Phase Modulation Linearity 
from Hewlett-Packard. 4-59 Amplitude Accuracy 
4-61 DC Offset Accuracy (DC Only) 
4-34. The Performance Tests include the following: 4-63 DC Offset Accuracy with AC Functions 
4-65 Triangle Linearity 
Par No. Test 467  X Drive Linearity 
a : 4-69 Ramp Period Variation 
4-37 Harmonic Distortion 4-71 HP-IB Interface Test 


4-39 Spurious Signal Tests 
4-4] Integrated Phase Noise 


Table 4-2. Test Equipment Required For Performance Tests. 


Critical Speciation 


High Frequency Frequency Range: 1 kHz to 80 MHz -hp- 1417/8552B/8553B/ 
Spectrum Analyzer Armmplitude Accuracy: 40,5 dB B566A/8568A 
Noise: > 70 dB below reference 


50-ahm Load Accuracy: + 0.2% «“Ap- Model 11048C 
Power Rating: 1 W 


56.22 1/8W 1.0% shp: 0757-0395 


Low Frequency Frequency Range: 20Hz to 50kHz -hp-3580A/3588A 
Spectrum Analyzer Amplitude Accuracy: + 0,50B 
Spurious Responses: 80dB below reference 


Sine Wave Signal Frequency Range: 1 MHz to 21 MHz -hp- 3335A 
Source Amplitude Range: to + 13.01 dBm 
Output Impedance: 500 
Phase Noise (Integrated): 

9.9 MHz: < —63 4B 

20 MHz: < -70 dB 
Spurious: > 75 4B below fundamental 


Double Balanced Mixer Impedance: 50 2 -hp- 10534A 
Frequency Range: 1 MHz-20 MHz 


AC/DC Digital AC function (Trua RMS) -hp- 34554 
Voltmeter Ranges: 1 V to 100 V 
Accuracy: +0.2% 
Resolution: 6 digits 
Crest Factor: 4:1 

DC Function 
Rangas: 0.1 V to 100 V 
Accuracy: +0,05% 

Resolution: 6 digits 

1 MHz Low Pass Filter Cut-off Frequency: 1 MHz F882 1MHz LPF 

Stopband Atten: 50 dB by 4 MHz Allen Avionies, tne. 
Stopband Freq: 4 MHz-80 MHz 224 E Second St. 
Mineola, NY 11501 


15 kHz Filter Consisting of: 
Resistor: 10 kf? 1% -hp- 0757-0340 
Capacitor; 1600 pF 5% ‘hp- 0160-2223 


4702 2W 5% -hp- 0698-3634 
Meter: Log scale 


AG Voltmeter Ranges: 0.1 V to 1 V -hp- 400FL, 
Ace (100 Hz to 10 kHz); + 1% 


Frequency Range: 2] Hz-1 MHz 
Sine Wave Signal Frequency: 10 kHz -hp- 204C 
Source Amplitude: 1 V rms inte 20 kf 
Distortion: — 60 4B 


Input Impedance: = 1 MQ 
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instrument 


Oscilloscope Vertical: 


Horizontal: 


x 10 magnification 


Electronic Counter 


Volts: Ote 45 V 
Amps: 10 mA 
Floating Output 


DC Power Supply 


Thermal Converter 


20 MHz 
Consisting of: 


Resistive Divider 


Resistiva Divider 
Consisting of: 


High-Speed OC 
Digital Voltmeter 
TTL Edge Trigger 


Resistive Divider Consisting of: 
+ 2.5 


Calculator 


Adapter 


Step Attenuator 


4-35. Equipment Required. 


BNC Tee 


4-36. The test equipment required for the Performance 
Tests is listed in Table 4-2. Any equipment that satisfies 
the critical specifications given in the table may be 
substituted for the recommended model. 


4-37. Harmonic Distortion Test. 
4-38. This procedure tests the harmonic distortion of 


the 3325A sine wave output against the following 
specifications from Table 1-1. 
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Bandwidth: de ta 100 MHz 
Deflection: 1 V to 5 V/div 


Sweep: 0.05 ys to 1 s/div 


Frequency maasurement 
Frequency Range: to 20 MHz 
Resolution: 8 digits 
Accuracy: + 2 counts 

Time Interval Average A to B 

Resolution: 0.01 ns 


Input Impedance: 50 2 
Input Voltage: 1 V rms 

Frequency: 2 kHz to 20 MHz 

Frequency Response: +0,05 dB 2 kHz ta 


2 Resistors: 67.1102,.1% 1/4 W 
? Resistors: 36.55 2.1% 1/8 W 


Capacitor: 300 pF 5% 


3 Resistors: 1330 7.1% 1/4 W 
Resistor: 432 .1% 1/8 W 


DC Voltage: O to + 10 V 
External Triqger: Low True 


Trigger Delay: Selectable 10 vs to 140 ps 
BNC-to- Triax 50 ohm -Ap- 1250-0595 Adapter 
Adapter or 11172A RF Cable 


Resistor; 302 1% 1/4 W 
Resistor: 202 1% 1/4 W 


Resistive Divider Consisting of: 
+ 2.6 Resistor: 100 k2 1% 1/8 W 
Resistor: 162 k2 1% 1/8 W 


HP-IB Control Capability 


Famale BNC-to-Dual Banana Plug 


0-12dB; 1dB steps 


Table 4-2. Test Equipment Required For Performance Tests (Cont'd). 


Critical Specifications Recommended Model 


-hp- 1740A 


-hp- 5328A 
With Option 040 or 041 


-hp- 6214A 
-hp- 11050A 


-hp- 0699-0080 
-hp- 0698-7169 


-hp- 0160-2207 


-hp- 0698-7453 
-hp- 0698-8264 


-hp- 3437A 


-hp- 0698-7533 
-hp- 0698-6296 


-hp- 0757-0465 
-hp- 0757-0470 
-hp- 9825A with 
98034A Interface, 
General 1/0 ROM, 
Extanded !/O ROM 
-hp- 1250-2277 
shp- 1250-0781 


-hp- 355C 


Model 33254, 


Harmonic Distortion (relative to fundamental) 


Fundamental 
Frequency 


0.1 Hz to 50 kHz 
50 kHz to 200 kHz 
200 kHz to 2 MHz 
2 MHz to 15 MHz 
15 MHz to 20 MHz 


No Harmonic 
Greater Than 


~65 dB 
~60 dB 
—40 dB 
—30 dB 
-25 dB 


Model 3325A 


Equipment Required: 

High Frequency Spectrum Analyzer (-hp- Model 
141T/8552B/8553B/8566A/8568A) 

Low Frequency Spectrum Analyzer 
(-hp- Model 3580A/3585A) 

50-ohm Feedthru Termination (-hp- Model 11048C) 

Resistor 4700 2W 5% (-hp- 0698-3634) 

Resistor 56.20 1/8W 1% (-hp- 0757-0395) 


a. Set the 3325A output as follows: 


High Voltage Output (Option 002) ..... Off 
Function 2.0.0.0... 0. cee ee eaes ++. sine 
Frequency ..- 2... . ccc cce cece eee 20 MHz 
Amplitude ..-2-.....0. eee ee eee 999m Vp-p 


b. Connect the 3325A signal output to the high fre- 
quency spectrum analyzer’s 50 ohm input. 


c. Set the spectrum analyzer controls to display the fun- 
damental and at least four harmonics. Verify that all har- 
monics are 25dB below the fundamental. 


d. Set the 3325A to the following frequencies and verify 
that all harmonics are below the specified levels, relative 
to the fundamental. 


15 MHz —30dB 
2MHz —40dB 
200 kHz — 60 dB 


e. Disconnect the 3325A from the high frequency spec- 
trum analyzer and connect it to the low frequency spec- 
trum analyzer’s 50 ohm input. 


f. Set the 3325A frequency to 50kHz and the ampli- 
tude to 9.99mVp-p. 


g. Set the spectrum analyzer controls to display the fun- 
damental! and at least three harmonics. (It may be neces- 
sary to decrease the analyzer’s video bandwidth to 
separate the harmonics from the noise floor.) Verify that 
all harmonics are a least 65dB below the fundamental. 


h. Set the 3325A to the following frequencies and verify 


[rae carom fen I) 
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that all harmonics are 65dB below the fundamental, 


10kHz 
1kHz 
100Hz 


High Voltage Output (Option 2) 


i. Connect the 3325A signal output to the low fre- 
quency spectrum analyzer’s 500 input. (See Figure 4-1.) 


j. Press the “high voltage output’ key on the 3325A. 
Set the amplitude to 40Vp-p and the frequency to 100Hz. 


k. Set the spectrum analyzer controls to display the fun- 
damental and at least three harmonics, Verify that all har- 
monics are 65dB below the fundamental. 


1, Set the 3325A to the following frequencies and verify 
that their harmonics are below the specified level, rela- 
tive to the fundamental. 


10kHz = -65dB 
200kHz -60dB 
IMHz ~~ -40dB 


m. Press the high voltage output key to deactivate the 
high voltage output. 


4-39, Spurious Signal Tests. 


4-40. This procedure tests the 3325A sine wave output 
for spurious signals. Circuits within the 3325A may gener- 
ate repetitive frequencies that are not harmonically related 
to the fundamental output frequency. All spurious sig- 
nals must be more than 70dB below the fundamental sig- 
nal or less than -90dBm, whichever is greater. 


Equipment Required: 


Spectrum Analyzer (-hp- Model 3585A/85664/ 
8568A) 


SPECTRUM ANALYZER 


Figure 4-2, Mixer Spurious Test 
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Mixer Spurious Test 


a. Connect the 3325A signal output to the spectrum 
analyzer 50 ohm (RF) input and the 3325A EXT REF 
input to the analyzer’s 1OMHz reference output. (See 
Figure 4-2.) 


b. Set the 3325A as follows: 


FUnCtiOn watsas vache eee See Sine 
AIM PItude? csc ce -scsgsreiva core 0% ah ee Ms, Baek -20dBm 
Frequency ........-.0ccee cee ees 2.001MHz 
c. Set the analyzer controls as follows: 
Center Frequency................00. 2.001MHz 
Frequency Span ................200 0 eee 1kHz 
Video BW? sisé-ee sare shanks as ekavb 8 oe 100Hz 
Resolution BW .......... 0.00. cece eee 30Hz 


d. Adjust the spectrum analyzer to reference the fun- 
damental to the top display graticule. 


e. Without changing the reference level, change the 
spectrum analyzer center frequency to 27.999MHz to dis- 
play the 2:1 mixer spur. Verify that this spur is at least 
70dB below the fundamental. 


f. Change the spectrum analyzer center frequency to 
25,998MHz to display the 3:2 mixer spur. Verify that this 
spur is at least 70dB below the fundamental. 


g. In a similar manner, change the 3325A’s frequency 
and the spectrum analyzer center frequency to the fol- 
lowing frequencies. For each setting, verify that all spu- 
rious signals are 70dB below the fundamental. 


Spectrum Analyzer 


3325A Frequency Center Frequency 
2:1 Spur 3:2 Spur 
4.100MHz 25.9MHz 21.8MHz 
6.100MHz 23.9MHz 17.8MHz 
8.100MHz 21.9MHz 13.8MHz 
10.100MHz 19.9MHz 9.8MHz 
12.100MHz 17.9MHz 5.8MHz 


LOW PASS 
FILTER 


S1GNAL 
GENERATOR 


REF OUT 
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14.100MHz 15.9MHz 1.8MHz 
16.100MHz 13.9MHz 2.2MHz 
18.100MHz 11.9MHz 6.2MHz 
20,100MHz 9.9MHz 10.2MHz 


Close-in Spurious Test 
(Fractional N Spurs) 


h. Set the 3325A frequency to 5.001MHz and the am- 
plitude to -2.99dBm. 


i. Set the spectrum analyzer controls as follows: 


Center Frequency .............-.04-- 5.001MHz 
Frequency Span........... ce eee ence ees 1kHz 
Video BW... 2. eee cece eens 100Hz 
Resolution BW........ cece ee ee eee 30Hz 


j. Adjust the spectrum analyzer to reference the fun- 
damental to the top display graticule. 


k. Without changing the reference level, change the 
spectrum analyzer center frequency to 5.002MHz to dis- 
play the API 1 spur. It may be necessary to decrease the 
analyzer’s video bandwidth to optimize the display 
resolution. 


1. All spurious (non-harmonic) signals should be at least 
70dB below the fundamental. 


m. Without changing the reference level, set the 3325A 
frequency and the spectrum analyzer center frequency to 
the frequencies listed below. For each setting, verify that 
all spurious signals are at least 70dB below the fun- 


damental. 
3325A Frequency Spectrum Analyzer 
Center Frequency 
5.0001MHz 5.0011MHz 
5.00001 MHz 5.00101MHz 
5.000001 MHz §.001001MHz 
20.001MHz 20.002MHz 
20.001MHz 20.003MHz 
20.001MHz 20.004MHz 
20.001MHz 20.005MHz 


AC 
VOLTMETER 


15kHz 
FILTER 


502 
FEEDTHRI 


H KH 


DIGITAL VOLTMETER 


3325A-42 


Figure 4-3. Integrated Phase Noise Test 
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4-41. Integrated Rhase Noise Test. 


4-42. This test compares the integrated phase noise to 
the specification in Table 1-1, which is: 


— 60 dB for a 30 kHz band centered on a 20 
MHz carrier (excluding +1 Hz about the 
carrier). 


Equipment Required: 

Sine wave signal source (-hp- Model 3335A) 

Mixer (-hp- Model 10534A) 

50-ohm load (-hp- Model 11048C) 

DC digital voltmeter (-hp- Model 3455A) 

AC voltmeter (-hp- Model 400 FL) 

15 kHz noise equivalent filter consisting of: 
Resistor: 10 kQ + 1% (-hp- Part No. 0757-0340) 
Capacitor: 1600 pF +5% (-hp- Part No. 
0160-2223) See Figure 4-3 

IMHz Low Pass Filter (Model F882 - Allen 

Avionics) 


a. Connect the equipment as shown in Figure 4-3, con- 
necting the 15kHz noise equivalent filter output to the 
ac voltmeter. Phase lock the 3325A and the signal gener- 
ator together. 


b. Set the 3325A as follows: 


FUNCHON 0.2.0.0 .c cece ercreeeerenns Sine 
Frequency wo... cece cee eueee 19.901 MHz 
Amplitude ...........cc0ccccsuaae 0dBm 


¢. Set the sine wave signal source (reference) as 
follows: 


Frequency ...ccee eee eee auaeees 19.9 MHz 
Amplitude ...............005 + 7.00 dBm 


d, Record the ac voltmeter reading (dB scale). 
e. Change 3325A frequency to 19.9 MHz. 


f. Connect the 15 kHz filter output to the de digital 
voltmeter. 
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g. Press the 33254 PHASE entry key. Using the 
MODIFY keys, adjust the 3325A output phase for a 
minimum reading on the digital voltmeter. 


h. Disconnect the 15 kHz filter output from the 
digital voltmeter and connect it to the ac voltmeter, 


i. Record the ac voltmeter reading (dB scale) and sub- 
tract it from the reading recorded in Step d. The dif- 
ference should be — $4 dB or greater. Add — 6 dB to this 
number and enter on the performance test card. The 
6 dB is a correction factor compensating for the folding 
action of the mixer. 


NOTE 
Frequencies used minimize the phase noise 
contribution of the 3335A. 


4-43. Amplitude Modulation Envelope Distortion Test. 


4-44. This procedure tests the 3325A against the 
amplitude modulation envelope distortion specification 
in Table 1-1: 

- 30 dB to 80% modulation at 10 kHz, 0 V 

de offset 


Equipment Required: 
Sine wave signal source (-hp- Model 204C) 
Spectrum Analyzer (-hp- Model 141T/3585A/8552B/ 
8553B/8566A) 


a. Connect the equipment as shown in Figure 4-4. 


b. Set the 3325A output as follows: 


FUMCHION 0... 0c ee eee rere ee eens Sine 
Prequency 2s cin iene ca va ciae dees 1 MHz 
Amplitude .......0..0. 0.000 eee e eee 3 Vp-p 
DC OUBE eaeist ewes oh pi eet aS ov 
High Voltage Output (Option 002) ..... Off 
PM ihe k bates bard eaters dace eb teaeie ahs On 


c. Set the modulating signal source frequency to 10 
kHz and adjust the level to produce 80% modulation of 
the 3325A output. 80% modulation is indicated by 


SPECTRUM ANALYZER 
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Figure 4-4. AM Envelope Distortion 
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modulation sidebands being 8.0 dB down fromm the car- 
rier, as viewed on the 2 dB/div display of the spectrum 
analyzer. 


d, Adjust the spectrum analyzer to display the fun- 
damental frequency, the 10 kHz sideband frequency, 
and at least 4 harmonics of the sidebands. All har- 
monics should be at least 30 dB lower than the modula- 
tion sidebands. 


4-45. Square Wave Rise Time and Abberations. 


4-46. This procedure compares the 3325A square wave 
output to its rise/fall time and overshoot specifications 
in Table 1-1. 


Rise and Fall Time: <20 ns, 10% to 90% at 
full output 

Overshoot: <5% of p-p amplitude at full 
output 


Equipment Required: Oscilloscope (-hp- 
Model 1740A) 


a. Connect the 3325A signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp- 
Model 1740A, set the input switch to the 50-ohm posi- 
tion. If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm feedthru 
termination) at the input, 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
Function 2.00.0... 00.0 cca Square 
FIeQUuency ...cecce reer ecvrereceee 1] MHz 
Amplitude ....... ccc cece eee 10 V p-p 


c. Adjust the oscilloscope vertical and horizontal 
controls so that the square wave rise time between the 
10% and 90% points can be measured. Rise time should 
be less than 20 nanoseconds. 


d, Adjust the oscilloscope to measure the square 
wave fall time between the 90% and 10% points. Fall 
time should be less than 20 nanoseconds. 


¢, Expand the oscilloscope vertical display and adjust 
controls so that the overshoot can be measured. Over- 
shoot should be less than 500 mV at positive and 
negative peaks. 


4-47. Ramp Retrace Time. 


4-48. This test compares the retrace time of the positive 
and negative slope ramps to the specifications in Table 


<3 ps 90% to 10% 
Equipment Required: Oscilloscope (-hp- Model 1740A) 


a. Connect the 3325A_ signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp- 
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Model 1740A, set the input switch to the 50-ohm posi- 
tion, If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm feedthru 
termination) at the input. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
Function ......eeeeee Positive Slope Ramp 
FY@Quemcy i.e. cece e cece eceneeeaes 10 kHz 
Amplitude ....... 0... ccc eee 10 V p-p 


c. Adjust the oscilloscope vertical and horizontal 
controls so that the ramp retrace time from the 90% to 
10% points can be measured, Retrace time should be 
less than 3 ps. 


d. Change function to negative slope ramp and 
repeat Step c. 


4-49. Sync Output Test. 


4-50, This procedure checks the voltage levels of the 
syn¢ output square wave: 


Vin > +120; V 


low 


< +0.2V into 50 ohms 
Equipment Required: Oscilloscope (-hp- Model 1740A) 


a, Connect the 3325A sync output to the oscilloscope 
vertical input. If the oscilloscope is an -hp- Model 
1740A, set the input switch to the 50-ohm position. If 
your oscilloscope does not have a 50-ohm input, use a 
$0-ohm load at the input (-hp- Model 11048C 50-ohm 
Feedthru Termination), 


b. Set the 3325A function to sine, frequency to 20 
MHz. 


c. Adjust the oscilloscope controls to measure the 
high and low levels of the sync square wave. The high 
level should be greater than +1,2 V and the low level 
should be less than +0.2 V. 


4-51. Square Wave Symmetry. 


4-52, This procedure checks the symmetry of the square 
wave signal output to the specification in Table ]-1: 


0.02% of period + 3 nanoseconds 


Equipment Required: Electronic counter (-hp- Model 
§328A) 


a. Connect the 3325A signal output to both inputs of 
the electronic counter, using a BNC tee (see Figure 4-5). 


b. Set the 3325A output as follows: 


Function oo... eee e eee e eee Square 
Frequency ..... 00. ccc eee eee i MHz 
Amplitude... 0.2.00... c ccc a ae 1 Vrms 
DOOR Set eee ik Vee a eA OV 


Model 3325A 


c, Adjust the electronic counter to measure time in- 
terval average A to B, with Slope A +, Slope B =. Note 
the reading. 


pjJ 4st} oy] 
23 I) 33333 


jdt 
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d. Change Slope A to —, Slope B to +. Reading 
should be equal to the reading in Step¢ + < 3.2 ng. 


ELECTRONIC 
COUNTER 


T=CONNECTOR 


Figure 4-5. Squara Wave Symmetry. 


4-53. Frequency Accuracy. 


4-54, This test compares the accuracy of the 3325A out- 
put signal to the specification in Table 1-1: 


+5 x 10-* of selected frequency 
Equipment Required: Electronic Counter (-hp- Model 
5328A, calibrated within three months or with an ac- 
curate 10 MHz external reference input) 
a. Connect the 3325A signal output to the electronic 
counter channel A input with a 50 Q load. Allow 3325A 


and counter to warm up for 20 minutes. 


b. Set the 3325A output as follows: 


PUnCHOM ns cadiiw kh hinds bee fee be Sine 
Frequency ..... 02-0. cee eee 20 MHz 
Amplitude...............00002, 0,99Vp-p 
DG Offfsetii.es iced hee bah ebe ee ov 


c. Set the counter to count the frequency of the A input 
with 0.1Hz resolution, and adjust for stable triggering. 
Electronic counter should indicate 20 000 000.0Hz 
+ 100Hz. 


d. Change 3325A function to square wave. Frequen- 
cy automatically changes to 10 MHz. Electronic counter 
should indicate 10 000 000.0 Hz +50 Hz. 


e, Change the 3325A function to triangle. Frequency 
automatically changes to 10kHz. Move the counter input 
to the syne output of the 3325A. Set the counter to aver- 
age 1000 periods. Electronic counter should indicate 100 
000.00ns +0.5ns. 


f. Change 3325A function to positive slope ramp. 
Electronic counter should indicate 100,000 ns + .5 ns. 


4-55. Phase Incrament Accuracy. 


4-56, This test compares the phase increment accuracy 
of the 3325A to the specification in Table 1-1: 


+0.2° 
Equipment Required: 
Sine wave signal source (-hp- Model 3335A) 
Electronic Counter (-hp- Model 5328A) 


a. Connect the equipment as shown in Figure 4-7. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
PutitiOn. 25.505 Gade deve vow eee ws Sine 
FI@QUuency .... cece eee 100 kHz 
Amplitude ........0 0. 0:0c sca eaae 13 dBm 


c. Set the sine wave signal source (3335A) as follows: 


FYI@Quemcy oo... cece see eee eee 0.1 MHz 
Amplitude .......ccc ceca cence 13 dBm 


d. Set the electronic counter (5328A) as follows: 


Function ........ Time Interval Avg. Ato B 
Frequency Resolution, N..........000 105 
Inputs ..cc.. se cccececaaues 50 0, Separate 
Slope A andB........-.. cee eee Positive 
Sample Rate ..........000caaae Maximum 
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ELECTRONIC 
COUNTER 


Figure 4-6. Frequency Accuracy. 


e. Press the 3325A PHASE entry key to display 
phase. Using the Modify keys, adjust the phase until the 
counter reads approximately 200 nanoseconds. Press 
the 3325A blue entry prefix key, then ASGN ZERO 
PHASE. 


f. Set the electronic counter sample rate to HOLD. 
Press RESET. Record the counter reading (to 2 decimal 
places) on the Performance Test Record in the space for 
‘““Zero Phase Time Interval’’. This is the phase dif- 
ference (in nanoseconds) between the 3325A output and 
the reference signal. 


g. Set the 3325A phase to —1°. 
h. Press the electronic counter RESET. Record the 


counter reading (to 2 decimal places) in the space for 
“1° Increment Time Interval’’. 


i. Determine the time difference between the counter 
readings in Step h and Step f, and record in the ‘‘Time 
Difference’? column. The difference should be from 
22,22 ns to 33.34 ns. 


j. Set the 3325A phase to —10°. 


k. Press the electronic counter RESET. Record the 
counter reading to the space for ‘‘10° Increment Time 
Interval’’, 


1. Enter the time difference between the ‘‘Zero Phase 
Time Interval’ and the reading in Step in the ‘‘Time 
Difference’? column. This should be from 272.22 ns to 
283.34 ns. 


m. Set the 3325A phase to — 100°, 


REFERENCE 


3325A-46 


Figure 4-7, Phase Increment Accuracy. 
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3335A 


REFERENCE 


3325A8-47 


Figure 4-8. Phase Modulation Linearity. 


n. Press the electronic counter RESET. Record the 
counter reading in the space for ‘‘100° Increment Time 
Interval’. 


o. Enter the time difference between the ‘‘Zero Phase 
Time Interval’? and the reading in Step n in the ‘‘Time 
Difference’’ column. It should be from 2722.22 ns to 
2783.34 ns. 


4-57, Phase Modulation Linearity. 


4-58. This procedure tests the phase modulation lineari- 
ty. The specification in Table 1-1 is: 


+0.5%, best fit straight line 
Equipment Required: 
Sine wave signal source (-hp- Model 3335A) 
Electronic counter (-hp- Model 5328A) 
DC power supply (-hp- Model 6214A) 
Digital voltmeter (-hp- Model 3455A) 
a. Connect the equipment as shown in Figure 4-8. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
Function 1.0... 0.0.20. ceca ete neces Sine 
Frequency ......... cece cece ecees 100kHz 
Amplitude ...........0. 00s eee eee 13 dBm 
Phase Modulation .............00000> On 


c. Set the sine wave signal source (3335A) as follows: 


Frequency ....... 0. cece eee eee 100kHz 
Amplitude ......... 0.00. c eee eee 13 dBm 


d. Set the electronic counter (5328A) as follows: 


Function ...... Time Interval Avg. A and B 
Frequency Resolution, N............65 105 
INPUtS side o iewiiscd oa te aes 50 2, Separate 
SlopeAandB.............. 0000s Positive 
Sample Rate ............ 00000. Maximum 


e. Using the digital voltmeter to monitor the dc 
power supply output, set the dc voltage as near — 5.0000 
V as possible. 


f. Press the 3325A PHASE entry key to display 
phase. Using the Modify keys, adjust the phase until the 
counter reads approximately 200 nanoseconds. Record 
the counter reading as a reference for the following 
steps. 


g. As soon as possible after recording the counter 
reading, note the digital voltmeter reading and record 
on the Performance Test Record in the ‘DVM Reading, 
X,’” space. 


h. Press the 3325A blue prefix key, then ASGN 
ZERO PHASE. 


i. Change the dc power supply output to — 4.0000 V. 


j. Using the Modify keys, adjust the 3325A phase to 
return the counter reading to the value recorded in Step 
f. 


k. Record the digital voltmeter reading in the “DVM 
Reading, x,’’ space. 


1. The 3325A display indicates the phase change 
resulting from the 1 V change in modulating voltage. 
Record the phase display in the ‘‘Phase Difference, 2” 
space (positive value). 


m. Press the 3325A blue prefix key, then ASGN 
ZERO PHASE. 
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n. Change the power supply output to the following 
voltages and repeat Steps j through m for each. Record 
the dvm readings and phase differences in the ap- 
propriate spaces on the Performance Test Record. 


bC DVM Phase 
Voltage Reading Difference 
— 3.0000 V X4 3 
— 2.0000 V X4 4 
— 1.0000 V Xs 5 
0.0000 V X¢ 6 
+ 1,0000 V Xq fj 
+ 2.0000 V Xp 8 
+ 3.0000 V Xo 9 
+ 4,0000 V X19 10 
+ 5.0000 V X44 11 


o. Enter the cumulative phase change in the 
“Cumulative Phase’? column. That is, enter the ‘‘2”’ 
Phase Difference in the y, space, then add the **y,”’ and 
“3”’ values and enter in the y, space. Add the ‘‘y,”’ and 
“4” values and enter in y4, etc. 


p. On the Performance Test Record, multiply each x 
value by the corresponding y value and enter in the ‘‘x 
times y’? column. 


q. Total the ‘‘DVM Reading’? column and enter in 
the Lx space. Total the ‘‘Cumulative Phase’’ values and 
enter in the Ly space, Total the ‘'x times y’’ values and 
enter in the Dxy space. 


r. Square each x value and enter in the ‘‘x2”? column. 
Total this column and enter in the x2 space, 


s. Square the Dx value and enter in the (Lx)* space. 


t. Multiply the 2x value by the Ly value and enter in 
the ExLy space. 


u. The equation for determining the ‘‘best fit straight 
line’’ specification for each y value is: 


yY = aX + a 


Where; a,x and a, are constants to be 
calculated from data taken previously 


Where: x is the value of the modulating 
voltage, recorded as x, through x,, 


v. First determine the value of a, using the following 
equation: Exty 


ni 
Lx? - (£x)?/n 


Dxy - 
a, > 


Where: Ex, Ly, Dxy, DxLy, Ex2, and (Lx)? 
are the previously calculated values entered 
on the Performance Test Record 
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n = 1) (the number of points to be 
calculated) 


w. Determine the value of a, using the equation: 


x. Calculate each value for y using the equation: y = 
a)x + €@. Enter each result on the Performance Test 
Record in the ‘‘Best Fit Straight Line Values’’ column, 


(y, through {y,;). 


y. Determine the test limits for each y value by in- 
creasing and decreasing the calculated (y) values by 
0.5% of the (y,,) value. Enter in the Maximum and 
Minimum columns. 


z. Transfer the y, through y,, ‘Cumulative Phase’ 
entries to the ‘‘Measured Cumulative Phase’’ column. 
Each value should be within the calculated limits. 


4-59. Amplitude Accuracy. 


4-60. This procedure tests the amplitude of the 3325A 
ac function output signals against the accuracy 
specifications in Table ]-1. 


Equipment Required: 
AC/DC digital voltmeter (-hp- Model 3455A, 
average converter opt. 001 preferred) 
AC: Accuracy sufficient to verify a 1% specifica- 
tion to 100 kHz. 
DC: Resolution, 1 microvolt, 
High speed DC voltmeter (-hp- Model 3437A). At 
least 3'4-digit resolution, 114 microsec. or faster set- 
tling time. 
50-Ohm step attenuator (-hp- Model 355C) 
50-Ohm feedthru termination (-hp- Model 11048C) 
Thermal converter (-hp- Model 11050A) 
Oscilloscope (-hp- Model 1740A) Must have delayed 
sweep of .05 microsec/div and delayed sweep gate 
output. 
Components: 
Resistor 36.55 ohm 0.1% 0.125W 2 ea 0698-7169 
Resistor 61.11 ohm 0.1% 0.25W 2 ea 0699-0090 
Resistor 43ohm* 0.1% 0.125W 1 ea 0698-8264 
Resistor 13300hm* 0.1% 0.25W 3 ea 0698-7453 
Capacitor 300 pF* 5% 1 ea 0160-2207 


*Used only to test High Voltage (option 002), 
Amplitude Accuracy at Frequencies up to 100 kHz 
a. Sine Wave Test. Connect the 3325A signal output 


through a 50 ohm feedthrough termination to the AC 
digital voltmeter input. 


© 
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b. Set the 3325A as follows: 


High Voltage Output (Option 002) Off 
Function Sine 
Frequency 100 Hz 
Amplitude 3.536 Vams(10 Vp-p) 
DC Offset OV 


c. Press AMPTD CAL key. 


d. Read AC Voltmeter, Change 3325A frequency to 
1 kHz and 100 kHz and repeat. Verify that all three 
voltmeter readings are between 3.495 Vams and 3.577 
Vros (+0.1 dB). 


¢, Change 3325A amplitude to 1.061 Veqs (3 Vp-p) 
and take ac voltage readings for 100 Hz, 1 kHz and 100 
kHz as above. Verify that all three voltmeter readings 
are between 1.048 Vems and 1.073 Vems (+0.1 dB). 


f. Change 3325A amplitude to .3536 Vpmg and set de 
offset to 1 mV, Set 3325A frequency to (100 Hz, 1 kHz, 
and 100 kHz and read ac voltage, Verify that all three 
readings are between .3411 Vprys and .3660 Venus 
(+0.3 dB). 


g. Function Test, Connect 3325A sync output to ex- 
ternal trigger input of oscilloscope. Connect 3325A 
signal output to the voltage divider of Figure 4-10(A). 
Connect the voltage divider output to oscilloscope ver- 
tical input and to high speed voltmeter input. Connect 
delayed sweep gate from oscilloscope to external trigger 
input of high speed voltmeter. See Figure 4-9A. 


h. Set the 3325A as follows: 


High Voltage Output (Option 2) OFF 
DC Offset OV 
Amplitude 10 Vp-p 
Frequency 99.9Hz 
Function Square 
i, Set the oscilloscope as follows: 
Display AorB 
Vertical Sensitivity 5 volts/div 
Trigger Ext 
Main Sweep 1 mse¢/div 
Delayed Sweep 5 wsec/div 
Delay 250 
j. Set the 3437A voltmeter as follows: 
Range 1.0V 
Trigger Ext 
Delay 0 sec 
Coupling DC 1MQ 


k. One cycle of the square wave should fill the screen 
of the oscilloscope, and the sample time for the 
voltmeter should be seen as the intensified spot of the 
delayed sweep. 


I. Press AMPTD CAL on the 3325A. 
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m. Read positive peak voltage of attenuated 
waveform on voltmeter. If the reading is not stable, 
press hold, then ext. alternatively to repeat readings. 
Change oscilloscope delay to 750 and read negative 
peak. Add the two readings to obtain volts peak to 
peak. Verify that sum is between 3,661 volts and 3.735 
valts. 


mn. Change 3325A function to Triangle. Change 
oscilloscope to: 
Vertical Sensitivity .2 volts/div 
Vertical Position 9 o’clock 
Main Sweep 5 msec/div 
Delay 300 
Magnify x10 
Delayed Sweep 1 psec/div 


o. Adjust oscilloscope delay to place the intensified 
spot on peak of triangle and read positive peak voltage 
on 3437A. Press neg trigger, move vertical position 
knob of CRO to 3 o’clock and adjust intensified spot to 
read negative peak on the 3437A. Verify that sum of 
positive and negative peak voltages is between 3.643 and 
3.754 volts. 


p. Change 3325A function to pos ramp. Change 
oscilloscope to: 

Trigger pos 
Main Sweep 2 msec/div 
Place spot on positive peak, press hold, then ext, then 
hold a few times on the 3437A and record most positive 

reading. 


q. Move vertical position knob to 3 o’clock, adjust 
delay and read negative peak. Ramp jitter should be 
visible on all ramp readings (the 3437A will hold the 
readings). Verify that sum of pos and neg peaks is bet- 
ween 3.643 and 3.754 volts. 


r. Change 3325A function to neg ramp. Change CRO 
trigger to pos and take neg ramp reading as above, 


s. Change 3325A function to square and frequency to 
1 kHz. Set CRO as follows: 

Main Sweep 50 psec/div 
Delayed Sweep 05 wsec/div 
Read positive peak; push neg trigger and read negative 
peak. Verify that sum is between 3.661 and 3.735 volts. 


t. Change 3325A function to triangle and frequency 
to 2 kHz. Set CRO main sweep to 20 psec/div and delay 
to 610. Adjust delay and position and set pos and neg 
trigger to read peaks. Verify Vp-p to be between 3.643 
and 3.754 volts. 


u, Change 3325 function to pos ramp and frequency 
to 500 Hz. Set main sweep of CRO to .2 msec/div and 
adjust sweep vernier to return peaks to center screen 
(trigger must be neg to see jitter at this point). Verify 
Vpp to be between 3.643 and 3.754 volts. 
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v. Change 3325A function to neg ramp and CRO 
trigger to pos. Verify Vpp of 3.643 to 3.754 volts. 


w. Change 3325A frequency to 100 kHz and function 
to square. Return CRO sweep vernier to calibrate and 
set main sweep to .5 psec/div and magnify to off. Read 
pos and neg peak voltages in the center of the screen. By 
pressing pos/neg trigger. Verify Vpp of 3.661 to 3.735 
volts. 

x, Change 3325A function to triangle (frequency will 
go to 10 kHz). Set CRO main sweep to 5 psec/div and 
press magnify. Verify Vpp of 3.513 to 3.883 volts. 

y. Change 3325A function to pos ramp. Set cro main 
sweep to 20 ysec/div. Adjust delay to set end of inten- 
sified spot on highest peak. Verify Vpp of 3.328 to 3.996 
volts. 


z. Change 3325A function to neg ramp. Verify Vpp 
of 3.328 to 3,996 volts. 


aa. Change 3325A amplitude to 3Vp-p, and remove the 
voltage divider from the circuit. Reconnect the 3325A sig- 
nal output to the oscilloscope and voltmeter through the 
50 ohm feedthru termination. Set the 3325A frequency 
to 99,9Hz and the function to square. 


bb. Repeat tests i through z, New test limits are as 
follows: 


Test Frequency Function Minimum Maximum 
m 99.9 Hz Square 2.970 V 3.030 V 
o 99.9 Hz Triangle 2.955 V 3.045 V 
q 99.9 Hz Pos Ramp 2.955 V 3.045 V 
r 99,9 Hz Neg Ramp 2.955 V 3.045 V 
& t kHz Square 2.970 V 3.030 V 
t 2 kHz Triangle 2.955 V 3.045 V 
u 500 Hz Pos Ramp 2.955 V 3.045 V 
v 500 Hz Neg Ramp 2.955 V 3.045 V 
w 100 kHz Square 2.970 V 3.030 V 
x 10 kHz Triangle 2,850 V 3.150 V 
y 10 kHz Pos Ramp 2.700 V 3.300 V 
Zz 10 kHz Neg Ramp 2.700 V 3.300 V 


cc, Change 3325A amplitude to 1 Vpp, and set de of- 
fset to | mV. Set frequency to 99.9 Hz and function to 
square. Set CRO vertical sensitivity to .05 volts/div for 
all 1 Vpp tests. 


dd. Repeat tests i through z. New test limits are as 
follows: 


Test Frequency Function Minimum Maximum 
m 99.9 Hz Square 970 1.030 
fs) 99.9 Hz Triangle 960 1,040 
q 99,9 Hz Pos Ramp -960 1.040 
r 99.9Hz Neg Ramp 960 1,040 
& 1 kHz Square :970 1,030 
t 2 kHz Triangle 960 1.040 
u 500 Hz Pos Ramp 960 1,040 
Vv 500 Hz Neg Ramp -960 1.040 
Ww 100 kHz Square 970 1.030 
x 10 kHz Triangle +940 1,060 
y 10 kHz Pos Ramp 890 1.110 
z 10 kHz Neg Ramp 890 1.110 
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High Voltage Output Amplitude Accuracy 
For Frequencies To 100 kHz 
(For instruments with High Voltage Option 02) 


ee, Sine Wave Test. Connect 3325A signal output to 
the AC voltmeter via a 6 ft. cable. Connect a 500 22, 300 
pF load (at either end) in parallel with the line. 


ff. Press the 3325 high voltage key near the 3325A 
output connector. A LED in the key indicates that the 
high voltage output is on. 


gg. Set 3325A function to sine, frequency to 2 kHz, 
and amplitude to 14.14 Vpms 440 Vpp). Press AMPTD 
CAL key. The AC voltmeter reading should be 13.86 to 
14.42 Vems- 


hh, High Voltage Function Test. Connect 3325A 
signal output to CRO and voltage divider via a 6 ft. 
cable. Trigger CRO on 3325A sync output. Trigger high 
speed DC voltmeter on delayed sweep gate from CRO 
See Figure 4-9B. 


ii, The voltage divider shown in Figure 4-.9B is 
built into a smali metal box with 2 BNC connectors. 
Parts used are: 


R3, 443 ohm, consists of 3 parallel 1330 ohm resistors, 
each 0.1%, 0.25 watt, -hp- Part Number 0698-7453 


R4, 43 ohm, 0.1%, 0.125 watt, -hp- Part No. 0698-8264 
Cl, 300 pF, 5%, -hp- Part Number 0160-2207 


Connect the tap to the input of high speed DC voltmeter 
as shown in Figure 4-98. 


jj. Set 3325A frequency to 2 kHz and amplitude to 40 
Vpp. Set DC voltmeter to IV range and ext trigger. Set 
oscilloscope as follows: 


Vertical Sensitivity 2 volts/div 
Vertical Position 8 o’clock 
Trigger Ext 
Main Sweep 20 psec/div 
Delayed Sweep 05 psec/div 
Delay 615 
Magnify X10 


kk. Set 3325A to square wave and read positive peak 
on DC voltmeter. Switch CRO to neg trigger, take ver- 
tical position to 4 o’clock, and read neg peak. Verify 
that peak to peak voltage is between 3.466 and 3.607 
volts. 


ll. Change 3325A function to triangle, and read peak 
voltages. Vpp should be 3.466 to 3.607 volts. 


mm. Change 3325A to pos ramp. Change CRO main 
sweep to .1 msec/div and delay to 500. Verify Vpp of 
3.466 to 3,607 volts. Repeat for neg ramp by changing 
CRO trigger to pos. 


Amplitude Flatness: (Frequencies above 100 kHz) 


Model 3325A 


nn. Set the 3325A as follows: 


High Voltage Output (Option 2) OFF 
Function Sine 
Frequency 1 kHz 
Amplitude 3 Vpp 


oo, Set the 50 0 attenuator (-hp- Model 355C) to 3 dB 
and connect to signal output. Connect 1 Vpmg thermal 
converter (-hp- 11050A) to attenuator output. Connect 
DC digital voltmeter with microvolt resolution (-hp- 
3455A) to thermal converter output. See Figure 4-9C. 


pp. Press 3325A AMPTD CAL key. Record the 
voltmeter reading in the 3 V sine wave 1 kHz reference 
Space on the performance test record. 


qq. Set the 3325A modify key to the IMHz position 
and bump the frequency in 2MHz steps from 1kHz to 
20.001 MHz, recording the voltmeter reading at each fre- 
quency. In each case, allow the thermal converter several 
seconds to stabilize. 


rr. Verify that all flatness readings are within + 
6.6% of the 1 kHz reference reading. 


ss, Change attenuator to 12 dB. Change 33254 
amplitude to 10 Vpp. Repeat steps pp and qq for 10 
Vpp. Verify that all readings are within 6.3% of the 1 
kHz reference. 


tt. Disconnect the thermal converter from the 3325A 
output. 


uu. Square wave flatness. Set the 3325A as follows: 


High Voltage Output (Option 2) OFF 
Function Square 
Amplitude 10 Vpp 
Frequency 1 kHz 


vv. Connect the 3325A signal output to an 
oscilloscope (-hp- 1740A) with a 502 load. Set the 
oscilloscope as follows: 

Vertical Sensitivity 
Time/Div 


2 volts/div 
.1 msec 


ww. Use the modify keys to bump the 3325A fre- 
quency from 1 kHz to 10.001 MHz in 2 MHz steps. Two 
lines will appear on the oscilloscope. Verify that they re- 
main within 4 major division of 5 divisions apart for all 
11 frequencies. 


xx. High Voltage (Option 2) Amplitude Flatness above 
100kHz. 


yy. Connect the 3325A output to an oscilloscope 
(-hp- 1740A) with a 500 Q, 500 pF load (load attached at 
either end). Cable capacitance (30pF/foot) must be in- 
cluded in the 500 pF. The HV divider (Figure 4-9B) 
may be used with 6 feet of cable. 
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zz. Set the oscilloscope as follows: 
Vertical Sensitivity 
Time/Div 


10 volts/div 
1 msec 


aaa. Set the 3325A to 40 Vpp sine wave (HV option 
on) and 1 kHz. Adjust oscilloscope intensity and focus 
for a sharp trace, 


bbb. Use the modify keys to bump the 3325A fre- 
quency from 1 kHz to 1.001 MHz in 200 kHz steps. 
Verify that the width of the bright region of the screen i$ 
4 + .4 divisions for all 11 frequencies. 


4-61. DC Offset Accuracy (DC Only). 


4-62. This procedure tests the de offset accuracy when 
no ac function output is present, The de only specifica- 
tion in Table 1-1 is: 

+0.4% of full range* 
* Except lowest attenuator range where accuracy is 
+20nV 
Equipment Required: 

DC digital voltmeter with 5-digit resolution, capable 
of measuring >20 V for High Voltage Output 
Option 002 (-hp- Model 3455A) 

50-ohm Feedthru termination (-hp- Model 11048C) 


a, Connect the 3325A signal output through the 
50-ohm feedthru termination to the de digital voltmeter 
input (see Figure 4-11(A)). 


b. Press whichever function key is presently active, 
indicated by a lighted indicator in the center of the key. 
This removes the ac output. The indicator in the center 
of the ‘‘DC OFFSET”’ entry key should light. 


c. Set the 3325A dc offset to 5 V, then press the 
‘““AMPTD CAL” key. 


d. The dc digital voltmeter reading should be + 4.980 
to + 5.020 V. 


¢, Change 3325A de offset to —5 V. Digital volt- 
meter reading should be — 4.980 to — 5.020 V. 


Attenuator Test 
f. Set the dc offset to the positive and negative 


voltages shown below. The digital voltmeter reading 
should be within the tolerances shown for each voltage. 


DC Offset Tolerances 

+ 1.499 V + 1.49300 to 1.50499 V 
+ 499,9 mV + 0.49790 to 0.50190 V 
+149.9 mV +0.14930 to 0.15050 V 
+49.99 mV + 0.04979 to 0.05019 V 
+14,99 mV + 0.01493 to 0.01505 V 
+4,999 mV + 0,004979 to 0.005019 V 
+ 1.499 mV + 0.001479 to 0,001519 V 
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Model 3325A 


“HP = ‘ 
; DELAYED 
740A CRO | QECA? 
GATE 

-HP- 

EXTERNAL 3437, 


TAICGER 


EXTERNAL 
TRIGGER oO 


IS 30.58 ohms CONSISTING OF 
TWO 61-11 ohm RESISTORS 
IN PARALLEL. 
IS 16.26 ohms CONSISTING OF 
= TWO 36.55 ohm RESISTORS 
: IN PARALLEL. 
ATTENUATOR 


A. Function Amplitude Accuracy, 
Standard Output (< 100 kHz) 


~HP- 
DELAYED 

1740A CRO SWEEP 
GATE 


~HP- 
EXTEANAL 
|| rarecen_3437A 


EXTERNAL, 


SIGNAL 
{H¥1 


R315 443 ohms CONSISTING OF 
THREE 1,330 ohm RESISTORS 
IN PARALLEL. 


TOTAL OF &' CABLE R4 
(160 pf! 4$Johms 


B. Function Amplitude Accuracy, 
High Voitage Output (< 100 kHz) 


OIGITAL VOLTMETER 


*HP-355C 


TEN 
STEP ATTENUATOR JHERMAL 


CONVERTER 


$325 4-390 


C. Anmiplitude Flatness {> 100 kHz) 


Figure 4-9. Amplitude Accuracy and Flatness. 


Mode! 3325A 


High Voltage Output Option 002 DC Offset 


g. Remove the 50-ohm feedthru and connect the 
3325A output directly to the digital voltmeter input. 


h. Press the “SIGNAL” key in the lower right corner 
of the 3325A front panel to select High Voltage Output 
(Option 002). Lighted indicator in the center of this key 
indicates High Voltage Output is on. 


i. Set 3325A dc offset to 20 V. Digital voltmeter 
reading should be + 19.775 V to 20.225 V. 


j. Set 3325A dc offset to —20 V. Digital voltmeter 
reading should be — 19.775 V to — 20.225 V. 


4-63. DC Offset Accuracy with AC Functions. 


4-64, The specifications for DC Offset accuracy with 
AC Functions given in Table 1-1 are as follows: 


DC + AC, =] MHz: «1.2%, Ramps +2.4% 
DC + AC, >1 MHz: +3% 


Equipment Required: 
DC Digital voltmeter (-hp- Model 3455A) 
50-ohm feedthru termination (-hp- Model 11048C) 


a. Connect the equipment as shown in Figure 
4-10 A . Set the digital voltmeter to measure de voltage. 


b. Set the 3325A output as follows: 


High Voltage Output (Option 002) ..... Off 
FUNCHON: 4 25.643 eta haces cba tia Sine 
Frequency ........... 20.999 999 999 MHz 
Amplitude 2.02... 2... cece veer eee LV p-p 
DG@-Of fset) eeacci vine vacadiaeaauan +4.5V 


¢. Press AMPTD CAL key. After amplitude calibra- 
tion (approximately 2 seconds) the digital voltmeter 
reading should be +4.350 to +4.650 V de. 


d. Change the de offset to — 4.5 V. Digital voltmeter 
reading should be — 4.350 to — 4.650 V de. 


e. Change the 3325A frequency to 999.9 kHz. The 
digital voltmeter reading should be — 4.440 to — 4.560 V 
de, 


f. Change the 3325A dc offset to (+) 4.5 V. The 
digital voltmeter reading should be + 4.440 to + 4,560 V 
de, 


g. Set the 3325A function to Square. The digital 
voltmeter reading should be + 4,440 to +4,560 V dc. 


h. Change the 3325A dc offset to —4.5V. The digital 
voltmeter reading should be — 4.440 to — 4.560 V de. 


Performance Tests 


i. Change the 3325A frequency to 9.9999 MHz. The 
digital voltmeter reading should be — 4.350 to — 4.650 
Vv. 


j. Set the 3325A function to Triangle, frequency to 
9.9 kHz. The digital voltmeter reading should be 
—4,440 to —4,560 V. 


k. Set the 3325A function to + Ramp. The digital 
voltmeter reading should be — 4.380 to — 4.620 V. 


4-65. Triangle Linearity, 


4-66. This procedure tests the linearity of the triangle 
wave output against the specification in Table 1-1: 


+0.05% of full output, 10% to 90%, best fit 
straight line 


Because the triangle and ramp outputs are generated by 
the same circuits, this procedure effectively tests the 
Tamp linearity also. 


Equipment Required: 

High-speed de digital voltmeter (This procedure is 
written to use the high speed and delay capabilities 
of the -hp- Model 3437A) 

Resistive divider, + 2.5, consisting of: 

30 ohms +1% '4W (-hp- Part No. 0698-7533) 
20 ohms +1% 4W (-hp- Part No. 0698-6296) 

BNC-to-Triax adapter (-hp- Part No, 1250-0595 or 

Model 11172A RF Cable) 


a. Connect the 3325A and the high-speed digital 
voltmeter through the divider as shown in Figure 
4-10B. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 


Function 0.0.00 ..00.000. cca cca aae Triangle 
Frequency ... 0c c es 10 kHz 
Amplitude ... 0.0.00. 00 ceca aus 10 V p-p 


¢. Set the digital voltmeter as follows: 


RONG vs cic ias au vasernratiavaa ease’ s 1V 

Number of Readings ......0ceee errr ee ee 1 

THEBET ce cheb vee sve eee baad eee ee Ext 
NOTE 


The Model 3437A triggers on the negative- 
going edge of the 3325A sync square wave, 


d, Set the digital voltmeter delay to ,00003 (seconds). 
Record the digital voltmeter reading on the Perfor- 
mance Test Record under ‘‘Positive Slope Measure- 
ment, (10%) y,’’. This is the 10% point on the positive 
slope of the triangle, See Figure 4-11. 
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DIGITAL VOLTMETER 


SYNC OUT 


Sh25~ 4-11 


Figure 4-10. Triangle and Ramp Linearity Test. 


e. Measure the voltage at each 10% segment point by 


Percent of Slope 
setting the digital voltmeter delay to the following. 


Delay 


Enter on the Performance Test Record in the ap- .00008 90 
propriate spaces under ‘‘Positive Slope Measurement.’’ .000085 80 
00009 70 
.000095 60 
Percent of Slope 0001 50 
000105 40 
.000035 20 -00011 30 
.00004 30 .000115 20 
.000045 40 .00012 10 
.00005 50 
-000055 60 g. Algebraically add the voltages recorded in the 
.00006 70 “Positive Slope Measurement’’ column and enter the 
-000065 80 total in the “‘Ly’’ space. 
.00007 90 


: h. Multiply Ly by 45 (which is ©x) and enter the 
f, Measure the voltage at each 10% segment point on result in the “£xLy” space. 


the negative slope by setting the digital voltmeter delay 

to the following. Enter the readings on the Performance i. Multiply each y value by the corresponding x value 
Test Record in the appropriate spaces under ‘‘Negative and enter in the ‘‘x times y”’ column. Total these values 
Slope Measurement.”’ and enter in the ‘‘Lxy’’ space. 


Madel 33254 


TRIGGER 


DELAY (us} 


Performance Tests 


90% 90% 


36254-50 


Figure 4-11. Triangle Linearity Test. 


j. The equation for determining the ‘‘best fit straight 
line’’ specification for each y value is: 


y = ax + a 


Where: a, and ag are constants to be 
calculated from data taken previously. 


NOTE 


Calculate the values af a, and Gy to at least 
five decimal places. 


k. First determine the value of a, using the following 
equation: 


ixLy 
xy - 
n 
ay = 
(Lx)? 
Ux? - 
n 


Where: Lx, Ly, Exy, OxLy, Lz", and (Lx)? 
are the previously calculated values entered 
on the Performance Test Record. 


n = 9 (the number of points to be 
calculated) 


1. Determine the value of ag using the equation: 
Ly Ex 


Bo 
n 


m. Calculate the ‘‘Best Fit Straight Line’’ value for 
each point (y, through y,) using the equation: 


¥y = aX + a 


Enter each result on the Performance Test Record in the 
“Best Fit Straight Line’’ column. 


n, Determine the minimum and maximum allowable 
voltages at each point by subtracting and adding 0.002 
V to the voltages calculated in Step m (10 V + 2.5 x 0.05 
%), Enter these voltage limits on the Performance Test 
Record under ‘‘Minimum’’ and ‘‘Maximum’’. The 
voltages measured and recorded in the ‘Positive Slope 
Measurement’’ column should be within these calculat- 
ed tolerances, 


o. Algebraicaily add the voltages recorded in the 
“Negative Slope Measurement’? column and enter the 
total in the ‘‘Ly’’ space. 


p. Repeat Steps h through n to determine the ‘‘Best 
Fit Straight Line’’ values and tolerances for the negative 
slope. The voltages measured and recorded in the 
“‘Negative Slope Measurement’’ column should be 
within the calculated tolerances. 


4-67. X Drive Linearity. 


4-68. This procedure tests the linearity of the rear panel 
X Drive output to the specification in Table 1-1: for all 
linear sweep widths which are integral multiples of the 
Minimum sweep width for each function and sweep 
time: 


£0.1% of final value, 10% to 90%, best fit 
straight line. 
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Equipment Required: 

High-speed de digital voltmeter (This procedure is 
written to use the high speed and delay capabilities 
of the -hp- Model 3437A) 

Resistive divider, + --2.6, consisting of: 
100kQ 1% 1/8W (-hp- Part No. 0757-0465) 
162kQ 1% 1/8W (-hp- Part No. 0757-0470) 

DC power supply (-hp- MOdel 6214A) 

BNC-to-Triax adapter (-hp- Part No. 1250-0595 
Model 11172A RF Cable) 


a. Connect the equipment as shown in Figure 4-12. 


b. Set the 3325A as follows: 


High Voltage Output (Option 002) ..... Off 
FUNGHiON 4.6 inde ag be gaan widens Sine 
Amplitude ...-. 0.0... cece eee aes 10 V p-p 
Sweep Start Frequency ..........., | MHz 
Sweep Stop Frequency............ 10 MHz 
Sweep Marker Frequency .......... 4MHz 
Sweep Time... . cece cece eee 0.01 sec 


c. Press 3325A START CONT key. 


d. Set the digital voltmeter as follows: 


Ranges ssse cette one eee eae 1V 

Number of Reading$S ........c0cc ce eeuen 1 

ADA B OT ee ced oe a cha eect Ri erigihace Ext 
NOTE 


The model 3437A triggers on the negative 
going edge of the Z Blank signal, which oc- 
curs at the start of @ sweep up. 


e. Set the digital voltmeter delay to .001 (seconds). 
Adjust the dc power supply for a digital voltmeter 
reading of —1.600 V. Record the digital voltmeter 
reading on the Performance Test Record under ‘‘X 
Drive Ramp Measurement, (10%), y,.”” This is the 10% 
point on the X Drive ramp. See Figure 4-13. 


f, Measure the voltage at each 10% segment point by 
setting the digital voltmeter delay to the following. 
Enter on the Performance Test Record in the ap- 
propriate spaces under ‘‘X Drive Ramp Measurement”’. 


Model 3325A 


g. Algebraically add the voltages recorded in the ‘*X 
Drive Ramp Measurement”’ column and enter the total 
in the ‘‘Ey’’ space. 


h. Multiply Ly by 45 (which is £x)} and enter the 
result in the ‘*ExEy’’ space. 


i. Multiply each y value by the corresponding x value 
and enter in the ‘‘x times y’’ column. Total these values 
and enter in the ‘‘Exy’’ space. 


j. The equation for determining the ‘‘best fit straight 
line’’® specification for each y value is: 


Y = ajX + Ay 


Where: a, and ag are constants to be 

calculated from data taken previously. 
NOTE 

Calculate the values of a, and apy to at least 

Five decimal places. 


k. First determine the value of a, using the following 
equation: 


LxLy 
Exy - 
n 
a, = 
(=x)? 
Uxe - 
n 


Where: Dx, Ly, Uxy, UxLy, Lz", and (bx)? 
are the previously calculated values entered 
on the Performance Test Record, 


n = 9 (the number of points to be 
calculated) 


1. Determine the value of ap using the equation: 


hy ix 
a =a ae 
n 


m. Calculate the ‘“‘Best Fit Straight Line’’ value for 
each point (y, through y,) using the equation: 


Enter each result on the Performance Test Record in the 
“Best Fit Straight Line’’ column. 
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2 BLANK OUTPUT 
X% DRIVE OUTPUT 


POWER SUPPLY 


EXTERNAL 
TRIGGER 
INPUT 


162Kk0 
1% 125W 


1O0KQ 
1% 125W 


3325-4-13 


Figure 4-12. X Drive Linearity Test. 


n, Determine the minimum and maximum allowable 
voltages at each point by subtracting and adding 0.004 
V to the voltages calculated in Step m (10.5 V + 2.6x 
0.1%). Enter these voltage limits on the Performance 
Test Record under ‘‘Minimum”’ and ‘‘Maximum’’, The 
voltages measured and recorded in the ‘*X Drive Ramp 
Measurement’? column should be within these 
calculated tolerances. 


NOTE 


The 3325A X Drive maximum voltage 
(100%) is set at the factory to +10,5 ¥.. 


4-69. Ramp Period Variation. 


4-70. This procedure tests the variation between alter- 
nate cycles of the positive and negative slope ramps to 
the specification in Table 1-!: < +1% of period, max- 
imum. 


Equipment Required: Oscilloscope, with delayed 
sweep (-hp- Model 1740A) 


a. Connect 3325A signal output to the oscilloscope 
vertical mput. (De NOT use a 10:1 probe.) If the 
oscilloscope is an -hp- Model 1740A, set the input 
switch to the 50-ohm position, If your oscilloscope 
doesnot have a 50-ohm input, use a 50-ohm load (-hp- 
Model {1048C 50-ohm Feedthru Termination) at the in- 
put. 


b, Set the 3325A as follows: 


Function............ Negative Slope Ramp 
Frequency... 0 cece eee 100 Hz 
Amplitude... 2.0.2... c ccc aes 10 V p-p 


c. Set the oscilloscope as follows: 


Vertical.........55 At Pater 2 V/div 
Main sweep... .. cece cere e eee 2.0 ms/div 
Delayed sweep........0... eee 20 ps/div 
TY QP OF iis ak hee EVR PH is se Positive 


d, With oscilloscope horizontal controls set to main 
sweep, adjust the intensified portion of the trace to the 
reset (positive going) portion of the ramp. 


e. Set the horizontal controls to delayed sweep and 
position the ramp reset portion near the center of the 
display. 


f. The reset portion should show more than one line, 
as in Figure 4-14. The lines should not be separated by 
more than ten divisions on the display. 


g. Change the 3325A function to positive slope ramp 
and set oscilloscope trigger to negative to verify the 
positive ramp. 


h. Bump the 3325A frequency to 99.999999 Hz to 


check the low frequency ramps. Verify that ramp period 
variations do not exceed ten divisions. 
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TRIGGER 


DELAY (ms } 


Model 3325A 


3325A4-54 


Figure 4-13. X Drive Linearity Test. 


4-71. HP-IB Interface Test. 


4-72. The following calculator program tests the opera- 
tion of the 3325A HP-IB interface circuits. The pro- 
gram is written for an -hp- Model 9825A calculator but 
may be adapted for other controllers. The program is 
printed on a foldout page for your convenience. 


Equipment Required: 
-hp- Model 9825A Calculator equipped with: 
98034A HP-IB Interface (set the select code 7) 
Any combination of ROM’s that includes a General 
I/O ROM and an Extended 1/0 ROM 


a. Connect the calculator interface cable to the 
3325A rear panel HP-IB connector. It is recommended 
that no other equipment be connected to this HP-IB 
during this test. 


b, Enter the program into the calculator, 


4-30 


c. Press RUN. Tests 4 through 7 in this program re- 
quire the operator to press CONTINUE if the test 
passes, or 1 CONTINUE if the test fails. If the Test 4 
question (SRQ LIGHT ON?, 1 = NO) does not appear 
in the calculator display within 30 seconds after start of 
the program (RUN), the 3325A and calculator are not 
interfacing properly. The calculator may display an er- 
ror indication that will identify the problem. If not, the 
3325A HP-IB circuits are probably not operating cor- 
rectly. 


Figure 4-14, Ramp Reset Waveform, 


Model 3325A 


@ 


Instrument Returns To Known Conditions After Self 
Test 


Test 1 - Did Frequency Go To 1000 Hz? 


Test 2 ~ Interrogate Frequency 


Test 3 - Interrogate Amplitude 


Test 4 - Test SROQ Circuits 


Test 5 - Test Talk Circuits 


Test 6 - Test Listen Circuits 


Test 7 - Test Remote Circuits 


PROGRAM FLOWCHART 


Enter 33254 Bus Address 


Perform Self Test 


NO 
Freq = 1000 Hz? 


Program: 


Freq = 1234.56789 Hz 
AMPTD = 50 mV 


Is NO 
Frequency 


Correct 


ts NO 
Amplitude 


Correct 


Program Sweep: 
1 kHz to 10 kHz 


10 sec, Enable Mask 


$RQ NO 
Light On 


NO 


Talk 
Light On 


NO 


Listen 
Light On 


REM NO 
Light On 


Print Results 


Performance Tests 


ERROR 


ERROR 


ERROR 


ERROR 


ERROR 


ERROR 


ERROR 
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Clear the 3325A to Turn-on State 
Set HP-IB Remote Enable (Select Code 7} 


Perform Self Test 

interrogate Fraquency 
rrr rr ee Read 3325A Frequency 

if Feisees ier ie ese ——_$__—_____—.. Compare Frequency to 1000 Hz 


PLE 
+. SAPSIGHS AMSGMY ———et Freq to 1234.567890 Hz, Amptd to 5S0mV 


Sf eras ee areraenarsnnssmassnr—eeemeStora Settings in Register 3 
: A a the 3325A 
FR Ee errr irae 9 Settings in Register 3 


Interrogate Frequency 
Read Frequency 
Compare to Frequency Stored 


Interrogate Amplitude 
Read Amplitude 
Compare to Amplitude Stored 


oT LEM SEL AKH SAL TILESE MSE S&S "Lin Sweep 1—10kHz, Enable SRO Mask 
, ent lear Interface, Interface to Local 


"SRG LIGHT Ms Lehi po Did 3325A Initiate SRO? 


Read Status into Variable 5 
Set Remote Enable 
CO rrr REA from the 33254 
it "TALE LIGHT Oa leo es = Bid 33. 25A respond to Talk Command? 


Write to the 3325A, Interface to Local 
“LOPS TER LTH T GMa La AE pi = Did 3325A respond to Listen Command? 


Remote Interface, Write to 3325A, 
——-— Clear Interface 
Meo Lae hl spi -—--- Did the 3325A Respond to Remote? 
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Eis Sees oo met 
wee pet “TEST 
BS: sen olsla fer 


Performance Tests 


sai qf rlsGhert “TEST " Ppa aS" Print Results of Tost 


Sof af rledlipet 

t oif ¢1+14] 
Sopp "est: 
Bryt "Re petet 


FREL® 


nan cn Ca 


Jn = 2s 


Reliato & 


Variables used in this Test Program: 


A Address of 3325A (defaults to 717) 

F Frequency read frorn 3325A in test #1 

G Frequency read from 3325A in test #2 

H Amplitude read fram 3325A in test #3 

| Counter used to print test results 
ri-r7 Test results (0=Pass, 1 = Fail) 

S Status read from 3325A in test #5 


Samples of Program Printouts: 


He SS SHH ERE REE EES HESS REET EE SESE 
AE 
iA a2 OF 


HP-LE TEST HPHIe TEST 


tt Se! 


TEST RESULTS! TEST RESULTS: 

TEST { TEST { 
TEST 2 TEST 2 
TEST 3 TEST 3 


= _ ” at = 
EST LES i 
Pal eal — =, me 
PRS “4 F a 


Self Contained Program may be 


x eric Linked or Used as @ Subroutine 
2A 
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Hewlett-Packard 

Model 3325A 
Synthesizer/Function Generator 
Serial No. 


Par. 4-10 


Par. 4-12 
Step d 


Step g 


Par. 4-14 
Step ¢ 
Steps d&e 
Step f 


Par, 4-16 
Step ¢ 
Step d 
Step e 
Step f 
Step 9 


Step i 


Par, 4-18 


Par. 4-20 


Par. 4-22 
Step ¢ 
Step d 
Step e 
Step f 


Tested by 


Date 


Self Test 


Sine Wave Verification 


20 MHz: Frequency and Arnplitude 


Signal Purity 
High Voltage Output (1 MHz} 


Square Wave Verification 
Frequency and Amplitude 
Abberations 


Rise Time 


Triangle and Ramp Verification 
Triangle Freq. and Amptd. 
+ Ramp Freq. and Amptd. 
~ Rarmp Freg. and Amptd. 
— Ramp Retrace Time 
+ Ramp Ratrace Time 


Triangle Linearity 


Amplitude Flatness 


Syne Output Check High 


Low 


Frequency Accuracy 


Sine, 20 MHz 


Square, 10 MHz 
Triangle, 10 kHz (100,000 ns) 
Ramp, 10 kHz (100,000 ns) 


OPERATIONAL VERIFICATION RECORD 


Spec 


Passed 


Passed 
Passed 


Passed 


Passed 
Passed 


Passed 


Passed 
Passed 
Passed 
Passed 
Passed 


Passed 


Passed 


>+12V 
<0.2V 


Spec. 
+100 Hz 
+50 Hz 
+ .6ns 


+ .5ns 


Operational Verification 


Par, 4-24 Output Level and Attenuator Check 
(DC Offset Only) 


Entry Min. 
-5V —4,980 V 
(+)5 V +4.980 V 
* (+) 1.499V (2) 1.49300V 
499.9 mV +0.49790 V. 
149.9 mV + 0.14930 V 
49.99 mV +0,04979 V 
14.99 mV +0.01493 V 
4.999 mV + 0.04979 V 
1,499 mV +0.001479 V 


* All entries and limits are + 
High Voltage Gutput (Option 002) 
20V +19.775 V 
-20V -19.775 V 


Par, 4-26 Harmonic Distortion 


20 MHz 
15 MHz 
2 MHz 
200 kHz 
50 kHz 
10 kHz 
1 kHz 
100 Hz 
High Voltage Output (Option 002) 
100 Hz 
10 kHz 
200 kHz 
1 MHz 


Par. 4-28 Close-In Spurious Signal Teast 


Par. 4-30 HP-IB Check 


Max. 
-§.020 V 
+5,020 V 

(+) 1.50499V 

+0.50190 V 

+0.15050 V 

+0.05019 V 

+0.01505 V 

+0.005019 V 
+0,001519 V 


+20,225 V 
-— 20.225 V 


All Harrnoni¢s Below: 


—25 dB 
— 30 dB 
-40 dB 
-60 dB 
-65 4B 
-65 dB 
—65 dB 
-65 dB 


—65 dB 
~ 65 dB 
- 60 dB 
- 40 dB 


Passed 


Passed ——— 


PERFORMANCE TEST RECORD 


Hewlett-Packard Tested By. 
Model 3325A 
Synthesizar/Function Generator Date 
Serial No. 
Par. 4-37 Harmonic Distertion 
Fundamental Frequency Specification 
20 MHz -25 dB 
15 MHz —30 dB 
2 MHz -—40 dB 
200 kHz —60 dB 
50 kHz —65 dB 
10 kHz -65 dB 
1 kHz -65 dB 
100 Hz -65 dB 
High Voltage Output (Option 002} 
100 Hz -65 dB 
10 kHz -65 dB 
200 kHz -60 dB 
1 MHz ~ 40 4B 
Par. 4-39 Spurious Signal Tests 
Mixer Spurious Test (2:1 spur/3:2 spur) -70 dB 
2:1 spur 3:2 spur 
4.100MHz —— — —70dB 
6.100MHz — — — 70dB 
8.100MHz — — —70dB 
10, 100MHz a dade — 70dB 
12.100MHz —— =F ~70dB 
14.10Q0MHz — —o — 70dB 
+6.100MHz awa preety - 70dB 
18.100MHz = a » 7OdB 
20.100MHz <—s =: — 70dB 
Close-in Spurious Test 
5,0001MHz — 70dB 
5.00001MHz — 70dB 
3.000001MHz — 70dB 
20,.001MHz — 70dB 
— 70dB 
 7OdB 
— 70dB 
Par. 4-47 Integrated Phase Noise 
19.901 MHz -~60 dB 
Par. 4-43 Amplitude Modulation Envelope Distortion —30 dB 
Par. 4-45 Square Wave 
Rise Time <20 ns 


Fall Time OS 
Overshoot, Positive Peak ee BOD mV 
Overshoot, Negative Peak _ BOO mV 
Par. 4.47 Ramp Retrace Time 
+ Ramp Bs 
— Ramp es 
Par. 4-49 Syne Output 
Vhigh >+1.2V 
Viow 240.2 V 
Par, 4-51 Squara Wave Symmetry >3.2ns 
Par, 4-53 Frequency Accuracy 
Sine, 20 MHz +100 Hz 
Square, 10 MHz ig 50H 
Triangle, 10 kHz (100,000 ns) tS 
Ramp, 10 kHz (100,000 ns} —_—SSSSS—C SCS 
Par. 4-55 Phase Increment Accuracy 
Time 
Minimum Difference Maximum 


Zara Phase Time Interval 


1° Increment Time Interval — 22.22 ns 33.34 ns 
10° Increment Tirne Interval pee TBS 283,34 ns 
100° Increment Time Interval 2772.22 ns 2783.34 ns 
Par, 4-57 Phase Modulation Linearity 
DVM Phase Cumulative 
Reading Difference Phase x times y x? 
x, Ge a 0 
xg 2 Y2 
Xy 3 V3 
Xa 4 Ya 
Xs 5 Ys 
Xg 8 Ye 
ay 7 Y7 
xg 8 Yp 
xg 9 Yg 
X19 10 Y10 
11 1 Ya 
pres arenes Fy SSS Dae Ix? 
(x)? Ixy 


Best Fit Measured 


Straight Line Minirnurn Cumulative Maximum 
@ Phase Limit Phase Limit 
ao ree, ee 
typ) vg EE Ene ae 
fyg) —____ Wg 
{yg} —________-_-_,_,/-/§- ________ yg 
(yg) ———_________,/-§- —_________._ 5 
LY) eres tne VG 
{yp} ng 
{yg} og 
(yg) —_________. ___________ Ya 
(yy) ———————————— Vp FQ 
{y¥qq) ——————- —__ v7 
Specification: £0.5% of (y,;,) = + bg 
Par 4-59 Amplitude Accuracy 
Entry Minimum Measured Maximum 
Sine Wave Test 
@ Amplitude: 3.536 Vrms 
. Sine, 100 Hz 3.498Vo 3.577 V 
Sina, 1 kHz 3.495V 3.577 V 
Sine, 100 kHz 3.495V Jo 3.577 V 


Arnplitude: 1.061 Vrms 


Sine, 100 Hz 1.048V 1.073 V 
Sine, 1 KHz 1048V oo 1.073 V 
Sine, 100 kHz 1.048V Jo 1.073 V 


Amplitude: 0.3536 Vrms 


oc, 1 mV 
Sine, 100 Hz 0.3411V ou 0.3660 V 
Sine, 1 kHz 0.34171 Vo a 0.3660 V 
Sine, 100 Hz 0.34417 V 0,3660 V 


Function Tast 


Amplitude:10 Vpp 


Square, 99.9 Hz 3.661V 0. 3.735V 

Triangle, 99.9 Hz B.643V0 3.754V 

Pos Ramp, 99.9 Hz 3.648V0 3.754V 

Neg Ramp, 99.9 Hz 3.643V0 3.754V 

A) Square, 1 kHz 3.661V 3.735V 


Triangle, 2 kHz 3.643V 3.754V 
Pos Ramp, 500 Hz 3.643V 0 __<—<—___—— 3.754V 
Neg Ramp, 500 Hz 3.643V 3.754V 

Square, 100 kHz 3.661V 3.735V 
Triangle, 10 kHz 3.513V 3.883V 
Pos Ramp, 10 kHz BBB eer — 3.996V 


Neg Ramp, 10 kHz 3.328V  _ 3.996V 


Amplitude: 3 Vpp 


Square, 99.9 Hz 2970 ie 3.030 V 
Triangle, 99,9 Hz 2955 V2 3,045 V 
Pos Ramp, 99.9 Hz Z2955V 3.045 V 
Neg Ramp, 99.9 Hz 2.955V _ 3.045 V 
Square, 1 kHz 2,.970V 3.030 V 
Triangle, 2 KHz 2.955V 3.045 V 
Pos Ramp, 600 Hz 27965 Ve ° cp 3.045 V 
Neg Ramp, 500 Hz 2.955 V _ 3,045 V 
Square, 100 kHz 2970V 3.030 V 
Triangle, 10 kHz 2,.850V 3.150 V 
Pos Ramp, 10 kHz 27000 3.300 V 
Neg Ramp, 10 kHz 2.700 VY _ 3.300 V 
Amplitude: 1 Vpp 
DC: 1 mV 
Square, 99.9 Hz O970V 1.030 V 
Triangle, 99.9 Hz 0.960 Vo __ 1.040 V 
Pos Ramp, 99.9 Hz O.960V 1,040 V 
Neg Ramp, 99.9 Hz O960V 1.040 V 
Square, 1 kHz 0.970V 1.030 V 
Triangle, 2 kHz O.960V 1.040 V 
Pos Ramp, 500 Hz O.960V Jo 1.040 V 
Neg Ramp, 500 Hz O960V 1.040 V 
Square, 100 kHz O970V 1.030 V 
Triangle, 10 kHz 0.940 V 1,060 V 
Pos Ramp, 10 kHz 0.890 V 1.410 V 
Neg Ramp, 10 kHz 0.890 V 1.110V 


High Voltage (Option 002) Sinawave Test 
Amplitude: 14.14 Vrms 
Sine, 2 kHz (= era 14.42 V 


High Voltage (Gption O02) Function Test 


Ed] Amplitude; 40 Vpp 


Square, 2 kHz 3.466V 0. 3.607V 
Triangle, 2 kHz 3.466V0 — 3.607V 
Pos Ramp, 2 kHz 3.466V0 _ 3.607V 
Neg Ramp, 2 kHz 3.466V 3.607V 


Amplitude Flatness 


Sine, 3 Vpp, 71 kHz 
(Reference) ee 


Allowable tolarance 
(+6.6%) ———_——- 
(0,834Y) (1.066Y) 
2,001 MHz 
4.001 MHz 
6.001 MHz 
8.001 MHz 
10,001 MHz 
12.001 MHz 
14.001 MHz 
16.001 MHz 
18.001 MHz aeeeore 


© 20.001 MHz 
ih, 


Sine, 10 Vpp, 1 kHz 
(Reference) rr 


Allowable tolerance 
(£6,3%) —ssa 

(0.937) (7.063Y) 

2.001 MHz 

4,001 MHz 

6.001 MHz Nese 

8,001 MHz 

10,001 MHz 

12,001 MHz 

14.001 MHz a 

16.001 MHz ee eree ee 

18,001 MHz 

20.001 MHz ie 


Square, 1OVpp. seer (check one) : 
Pass Fail 


High Voltage (Option O02) Flatness 


Sine, 40 Vpp,  —__ {check one} a 
Page Fail 


Par. 4-61 
Entry 

5V 

-5V 
-1.499V 
1.499 V 
499.9 mV 
-499.9 mV 
- 149.9 mV 
149.9 mV 
49.99 mV 
-49.9 mV 
- 14,99 mV 
14.99 mV 
4,999 mV 
-4.999 mV 
- 1.499 mV 
1.499 mV 


BC Offset Accuracy (DC Only} 


Minimurn 
+4.980 V 

— 4,980 V 

— 1.49300 V 
+ 1.49300 V 
+ 0.49790 V 
~ 0.49790 V 
-—0,14930 V 
+0.14930 V 
+0.04979 V 
-0.04979 V 
—0,01493 V 
+ 0.01493 V 
+0,004979 V 
-—0,004979 V 
-—0.001479 V 
+ 0.001479 V 


High Voltage Output Option 002 


20V 
~20V 


Par, 4-63 


Sine 20.999 999 999 MHz 


4.5 V 
-4.5V 


Sine 999.9 kHz 
-4.5V 
4.5V 


Square 999.9 kHz 
4.5V 
-4.5V 


Square 9.9999 MHz 
-4.5V 


+19.775 V 
-19.775 V 


DC Offset Accuracy with AC Functions 


Minimum 
+ 4,350 V. 
-— 4.350 V. 


- 4.440 V. 
+4.440 V. 


+4.440 V 
- 4.440 V 


- 4.350 V 


Maximum 
+5,020 V 
-5.020 V 

—-1,50499 V 

+1,50499 
0.50190 

—0.50190 

- 0.15050 

+0,15050 

+0,05019 


= 0.01505 
+0,01505 
+ 0.005019 
-0,005019 
- 0.001519 


v 
Vv 
Vv 
Vv 
Vv 
Vv 
-0.05019 V 
Vv 
Vv 
Vv 
Vv 
Vv 
+0,001519 V 


+20.225 V 
-20.225 V 


Maximum 
+4,650V 
-4,650V 


-4,.560V 
+4,560V 


+4,560V 
-4,560V 


-4,.650V 


® Triangle 9.9 kHz 
Ti, 


-4,5V ~4.440 Vv -4,.560V 
Ramp 9.9 kHz 
-4,5V =~ 4.380 V. -4.620V 


Par. 4-65. Triangle Linearity 


Calculated Best Fit Tolerances 
x Values Positive Slope Measurement x times y Straight Line Minimum Maximum 
xX, = 1 (1090) ¥ 4 — rere Sti«Y'*d) 
XK, = 2 (20%) Yo LY) 
X,=3 (30%) yg lg) 
x4 = 4 (40%) yz, (yg) 
Xe = 5 (50%) ye —___—_'({yz) 
Xg = 6 (60%) yg gl) 
Ky = 7 a a Sacer aD 2-9 eee eae a a Pe 
Xg = 8 (80%) yp ——__ (¥g) 
Xy = 9 (90%) yg gh) a 
Ex = 45 Ly Ixy 
(Z[x)2 = 2025 = ExLy 
@ rx? = 285 
Par. 4-65. Triangle Linearity (Con‘d} 
Par, 4-65. Triangle Linearity 
Calculated Best Fit Tolerances 
x Values Negative Slope Measurement x times y Straight Line Minimum Maximum 
Xg = 9 (90%) yg (¥g) —-—.____ 
Xg = 8 (80%) yg genet 
x, =7 (70%) yp yg ct rey —__—_. 
xg = 6 (60%) yg _____ {yg} 
Xe # 5 (50%) ye ______{¥g) 
X= 4 (40%) yg yg ce 
x3 = 3 (30%) yg eg) 
X= 2 (20%) yp fg) 
x, = 1 (VO%) Yq ent fy,)_ 
Dz = 45 Ly Uxy ___ 
a] (Ex)? = 2025 exvy 
yx? = 285 
7 


Par. 4-67, x Drive Linearity 


x Values 


* 

= 
Hi] 
= 


x 
a 
ll 
o own fF wm f- WwW Ww 


bz = 45 


(Zx)2 = 2025 


Ix? = 285 


Positive Slope Messurament x times y 


(10%) V4. 
(20%) yo 
(30%) v3 
(40%) v4. 
(50%) ys 
(60%) Vg 
(70%) yz 
(80%) va 
(90%) Yo 
Ly 

UxLy 


Par, 4-69 Ramp Period Variation 


Negative Stope Ramp, 100 Hz 


Positive Slope Ramp, 100 Hz 


Positive Slope Ramp, 99.9 Hz 


Par, 4-71. HP-IB Intarface 


Test 1 
Test 2 
Test 3 
Tast 4 
Test 5 
Test 6 
Test 7 


Pass 


Fail 


ERY nee 


or Attach Calculator Tape 


Calculated Best Fit 
Straight Line 


{y,} 
{yo) 
\Y3) 
(y4) 
(ye) 
{yg} 
{y7) 
(YQ) 
(yg) 


< + 100 us 
< ot 100 us 


< + 1005 


Tolerances 


Minimum 


Maximum 


Maintenance described herein is performed 
with power supplied to the instrument, and pro- 
tective covers removed. Such maintenance 
Should be performed only by service-trained 
personnel who are aware of the hazards in- 
volved (for example, fire and electrical shack). 
Where maintenance can be performed without 
power applied, the power should be removed. 
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SECTION V 
@ ADJUSTMENTS 
5-1. INTRODUCTION. 5-10 Analog Phase Interpolation (API) 
5-2. This section contains the procedures required to ae 30 ens opaadaeus: Oscillator 
adjust the 3325A to meet its specifications in Table 1-1. 5-12 Option 001 High Stability Frequency 
These adjustments should be used following repairs or if Reference eek ay 
performance tests indicate a deficiency. 5-13 Sinewave Amplitude Calibration 
5-14 X Drive 
Paragraph Adjustment ey pal ae se 
z - amp stability 
ao Power SUPP 5-17 Amplitude Flatness 
5-8 D/A Converter Offset 18 Mixer Spurious Signal 
5-9 Voltage Controlled Oscillator Frequency 


Table 5-1. Test Equipment Required for Adjustments 


Equipment = Critical Specifications Recommended Model 


L ere _ veeee 
AC/DC Digital AG Function: -hp-3455A/3466A 

Voltmeter 1 V Range 
Accuracy; +,5% 
; Resolution: 4 digits 
BC Function: 

Rangas: .1 V. 1 V, 10 V, 100 V 

Accuracy: +.2% 
1 Resolution: 4% digits 

ro eee en ato hae ea Le 


Low Frequency Frequency Range: 1 kHz- 50 kHz -hp-3580A/3585A 
' Spectrum Analyzer Amplitude Accuracy: +0,5 dB 
: Spurious Responses: 80 dB below 
Ladoga: AMEN 88 = 23 sms ce ne. 
& Resistor 1 k2 oe _-hp- Part No. 0683-1025 
i | Elaetronie Counter Frequency measurement: to 20 MHz -hp-53284 
: Accuracy: +2 counts with Opt. 040 or 041 
fee a eens ese, a Resoiution: & digits thee, ec ee ae eS 
Oscilloscope Vertical: -hp-17404 
2 channel 


j Bandwidth: de to 100 MHz 
| Deflection: 5 mV to 10 Vidiv 
Horizontal: 
Main and Delayed Sweeps 
Main: 50 ns to 2 s/div 
| ans __ Delayed: 50 ns to 20 ms/div 


Frequency Standard Fraquancy: 5 MHz -hp-105B 
_. .dfor Option 001 only) | Accuracy: 1x TOT 
_ 10:1 Oscilloscope Probe | Impedance: 1M, 12 pF | AP TOOATA 
DC Power Supply Volts; O- 10 V “hp-6214A 
Po Ais TO mA ee 
Oscillator Frequency: 1 kHz -hp-204C 
High Frequency Fraqueancy Range: 1 KHz - 8O MHz -hp-1417/85528/8553B/ 
Spectrum Analyzer | Amplitude Accuracy: +.5dB =» | SSBGA/ESG0A 
Thermal Converter Input trmpedance: 500, Input -hp-1 1080A 


Voltage: 1Vrms, Frequency: 1kHz 
f to 20MHz, Frequency Response: 


[Resistor ss=s«|« oR TM Hew | chp 0787-0807 | 
| _ Resistor —s0n1%O.5w | -hp- 0698-5965 

i] “Resistor == | 801% OW | shp- 0787-0880 

: __ Resistor (250 5% 1/4 ___| hp. 0683-2505, 


Resistor 15002 1% 1/8W : “hp- 0757-0284 


5-1 


Adjustments 


NOTE 


Table 8-4 lists the adjustment procedures that 
must be performed after repair of certain 
circuits, 


5-3. EQUIPMENT REQUIRED. 


5-4. Each adjustment procedure lists the test equipment 
required to perform that adjustment. All test equipment 
required for adjustments is itemized in Table 5-1. Any 
equipment that satisfies the critical specifications given 
in the table may be substituted for the recommended 
model. 


5-5. ADJUSTMENT PROCEDURES. 


5-6. The Power Supply and D/A Converter Offset ad- 
justments must be performed before any of the others 
are made. It is recommended that all adjustments be per- 
formed in the order given. Location of all adjustments 
is shown on a foldout page, Figure 5-3, at the end of this 
section. Remove the top and bottom covers to gain ac- 
cess to all adjustments. 


NOTE 


The metal stiffener channel on the deck be- 
tween the printed circuit boards may be used 
as circuit ground for all measurements. 


NOTE 


The following procedures apply to all board 
revisions (e.g. A2 Rev A - Rev F, A21(1) Rev 
A ..., Al4(4) Rev A ..., etc.,) unless other- 
wise noted. 


5-7. Power Supply. 


Equipment Required: de digital voltmeter (-hp- Model 


3466A) 


AC power line voltage is exposed at the rear 
panel and on the power supply assembly, 


a. Connect a de digital voltmeter between the -15 V 
test point on the power supply assembly, A2, and 
ground. 


b. Adjust the —15 V Adj (A2R22) for a voltmeter 
reading of — 14.970 to — 15.030 V. 


c. Measure the voltages at the +15V test point and 
+ 5V test point on A2. The readings should be + 14.970V 
to +15.030V and +5.010V to +5.070V respectively. If 
not, readjust the -15V Adj control to bring all three volt- 
ages within tolerance. These voltages may be adjusted out 
of tolerance by paragraph 5-8, step h. This is not a cause 
for concern. 


5-2 


Model 3325A 


5-8. D/A Converter Offset. 


Equipment Required: de digital voltmeter (-hp- Model 
3466A) 


a. Adjust DAC Offset Adj (A14R40) to mechanical 
center. 


b. Press the function select key for whichever func- 
tion is presently active. This sets the output to DC Off- 
set only. Enter 8 V DC Offset. 


c, Press AMPTD CAL key. 


d. Connect a de digital voltmeter to Amp Out test 
point on Al4. 


e, Adjust DAC Offset Adj (A14R40) for a voltmeter 
reading of less than SmV. Disconnect voltmeter from 
Amp Out test point. 


f. Enter 5 V DC Offset. Press AMPTD CAL key. 


g. Connect digital voltmeter to 3325A Signal Output. 
Do not use a 50-ohm load. 


h. Adjust ~15 V adj (A2R22) for voltmeter reading 
of + 10.000 V. 


i. Enter -5 V DC Offset. Voltmeter reading should be 
-9.985 to -10.015 V. 


§-9. Voltage Controlled Oscillator (VCO Frequency). 


Equipment Required: de digital voltmeter (-hp- Mode] 
3466A) 


a. Connect a de digital voltmeter to test point 
A21TP11. 
b. Set the 3325A frequency to 60 MHz. 


c. Adjust VCO Adj (A21L162) through hole in metal 
cover with a non-conductive tool for a voltmeter read- 
ing of -2.990V to -3.010V. 


d. Set the frequency to 1kHz. Voltmeter reading should 
be between +9.5V and +10.5V. 


5-10. Analog Phase Interpolation (API). 


Equipment Required: 
Low frequency spectrum analyzer {-hp- Model 
3580A/3585A) 
Resistor, 1 kQ (-hp- Part No. 0683-1025) 


a. Set 3325A as follows: 


FUunctlon: 2.54 wieicndoh a ean cada eaies Sine 
Frequency 325-00. ee et aenew 5.003 MHz 


b. Connect the low frequency spectrum analyzer input 
through a 1kQ series resistor to A21TP11. 


e 


Model 3325A 


c, Set spectrum analyzer controls as follows: 


Start Frequency... 0.0... 0. cee eee @ kHz 
Bandwidth. .........ccce cece eae 30 Hz 
Frequency Span.... cc... eee as 1 kHz/div 
Display Smoothing..............0005 Max 
Sweep Time/Div..............00. 200 sec 
Input Sensitivity,............-.... 10 mV 
Amplitude Reference............, Normal 
Ampltude Mode..............- 10 dB/div 
Sweep Mode..... cece eee eee ee Manual 


d. Adjust the spectrum analyzer manual vernier con- 
trol to place the display marker at the peak of the API 
spur which appears at 3 kHz (3 display divisions). 

e, Adjust the API 1 Adj (A21R76) to reduce the spur 
to a minimum, 

f. Change 3325A frequency to 5 000 300 Hz. 


g. Adjust AP] 2 Adj (A21R74) to again reduce the spur 
on the spectrum analyzer display to a minimum. 


h. Change 3325A frequency to 5 000 003 Hz. 


i, Adjust API 4 Adj (A21R88) to reduce the spur to 
a minimum. 


j. Set the 3325A to 5.003MHz and readjust API 1! 
(A21R76) to its minimum value. Also check the harmonic 
distortion performance test (paragraph 4-38, steps e 
through h). 


5-11. 30 MHz Reference Oscillator. 


Equipment Required: electronic counter (-hp- Model 
5328A) 


NOTE 


The instrument must have been ON for at 
feast 20 minutes before performing this ad- 
Jasiment, 


a. If the instrument has the Option 001 High Stability 
Frequency Reference installed, the rear panel connec- 
tion from ‘10 MHz Oven Output” to ‘Ext Ref In” 
must be disconnected. 


b. Connect an electronic counter to the 3325A signal 
output, using 50-ohm input termination. 


¢. Set the 3325A as follows: 


PUNCUON 4 j4-ch irae ca ceeding ews Sine 
PreQUeney icc get held bare wal eca pens 20 MHz 
Amplitude... ....cceeccce reer eres 10 Vp-p 


d. Adjust the counter to measure frequency (20 
MIIz). 


e. Adjust Ref (A3R30) for a counter display of 
20;660 000 MHz, 


5-12. Option 001 High Stability Frequency Reference. 


Adjustments 


Equipment Required: 
Oscilloscope, 2 channel (-hp- Model 1740A) 


Quartz Frequency Standard, 5 MHz (-hp- Model 
103B) 


NOTE 


The rear panel “10 MHz Oven Output”? must 
be connected to “Ext Ref In". 


a. This procedure is for instruments with the Option 
001 High Stability Frequency Reference. The instru- 
ment must have been connected to ac power (either in 
STBY or ON) for at least 30 minutes before attempting 
this adjustment. 


b. Connect the frequency standard 3 MHz output to 
one vertical channel of the oscilloscope and trigger the 
sweep from this channel. 


c. Set the 3325A as follows: 


PUNCHON 264.ittedae oad ined twice bore Sine 
Prequency.? ices peat tan aed aes 5 MHz 
Amplitude.......csccee reece rere 10 Vp-p 


d. Connect the 3325A signal outpul to the second 
channel of the oscilloscope. 


e. Adjust the Fine Adj (A9R7) to stop the 3325A 
signal on the oscilloscope display. (The frequency stan- 
dard signal must be stationary, and the 3325A signal as 
near stationary as possible.) 


f. If the Fine Adj (A9R7) does not have enough 
range, proceed with Step g. 


g. Adjust the Fine Adj (A9R7) to mechanical center. 


h. Remove the screw from the Coarse Frequency ad- 
justment in the end of the temperature controlled oven 
assembly (A9E1). 


i. Using a non-conductive tool, adjust the Coarse 
Adj. to stop the 3325A signal on the oscilloscope (as 
near stationary as possible). 


j. Replace the screw in the oven assembly and repeat 
Step e. 


5-13. Sinewave Amplitude Calibration. d4 


Equipment Required: 
Oscilloscope (-hp- Model 1740A) 
10:1 Oscilloscope Probe (-hp- Model 10041A) 
DC Power Supply (-hp- Model 6214A) 
Oscillator (-hp- Model 204C) 
AC digital voltmeter (-hp- Model 34664) 


a. Set the 3325A to STBY. 


A4 - see Section VII for alternate procedure 


3-3 


Adjustments 


Do not allow disconnecled cable connectors 
to contact the printed circull board or com- 
ponents, or circuits may be damaged. 


b. Adjust the dc power supply output to +5 V and 
connect it between the AMPTD MOD input and 
ground. 


c. Disconnect cable W23 at A3J23. 

d. Measure the oscillator (-hp- 204C) output with the 
ac digital voltmeter and adjust the output level to ap- 
proximately 1 V rms at a frequency of 1 kHz. Connect 
the oscillator output between the center contact of 
A3J23 and ground. 


e. Set 3325A power switch to ON and set EXT MOD 
to AM ON, 
f{, Connect the oscilloscope through a 10:1 probe to 


A3TP4. Set oscilloscope input to ac coupled, sweep to 1 
ms/div. 


g. Adjust Y offset in (A3R60) to null out the sine 
wave signal on the display. (Change oscilloscope vertical 
gain as necessary to observe the signal.) 


h. Ground the oscilloscope input and zero the trace 
on the center line. Set the input to de coupled. 


i. Adjust Offset Out (A3R68) to return the 
oscilloscope trace to the center line (@ Vdc). 


j. Set the 3325A to STBY. Disconnect the dc power 
supply and the oscillator, and reconnect cable W23 to 
A3J23 


k. Turn 3325A to ON. 


1. Connect an ac digital voltmeter to the 3325A signal 
output via a 50 ohm feedthru termination. 


m. Set the 3325A to 1 kHz, Sine, 1 Vp-p, and ] mV 
DC OFFSET. Press AMPTD CAL key. 


n. Adjust Offset In (A3R33) for a voltmeter reading 
of .3536 Vrms + .0040 Vrms. 


o. Repeat Steps m and n until output voltage of .3536 
Vrms does not change when AMPTD CAL key is press- 
ed. 


p. Set the DC OFFSET to 0 V. The output voltage 
should remain at .3536 Vrms + .0040 Vrms. 

q. Set the output voltage to 10 Vp-p. The output 
voltage should be 3.536 Vrms + .040 Vrms. 


r. If necessary, the adjustment of R60 may be com- 
promised slightly to bring these two voltages into 
tolerance. 


5-14. X Drive. 


Equipment Required: de digital voltmeter (-hp- Model 
3466A) 


5-4 


Mode] 3325A 


a. Connect a de digital voltmeter to 3325A rear panel 
xX Drive output. 


b. Set the 3325A as follows: 


FUNCUON:. eoie edie ee eee oe be ke Sine 
Amplitude... ceva ast eva ies 10 Vp-p 
Sweep Start Freq. .........ce ee eae 1 MHz 
Sweep Stop Freq.........------45 10 MHz 
Sweep Marker Freq...........+005- 5 MHz 
Sweep TIME. 2... eee eee 0.999 sec 


c, Press RESET/START key to reset sweep to start 
conditions. 


d. Digital voltmeter reading should be less than 
20 mV. 


e. Adjust X Drive (A14R6) to mechanical center. 


f. Press RESET/START key once to initiate a single 
sweep. At the end of the sweep the digital voltmeter 
reading should be + 10.450 to + 10.550 V. 


g. If the reading is less than + 10.450V, adjust X Drive 
(A14R6) slightly clockwise; and if reading is greater than 
+10,550V, adjust X Drive slightly counterclockwise. 


NOTE 


The voltmeter reading will nat respond to ad- 
Justment of X Drive (Al4R6). The effect of 
this adjustment can be observed only after 
another single sweep. Following the end of a 
sweep, the X Drive output voltage will drift 
downward at = IlmV per second. 


h. Press RESET/START twice to initiate another 
sweep. If necessary, readjust X Drive (A14R6), turning 
clockwise to increase voltage and counterclockwise to 
decrease voltage. 


i. Repeat Steps g and h until proper voltage (+ 10.450 
to +10.550 V) is measured immediately following the 
end of asweep. 


5-15. Amplifier Bias Adjustment, A5 


Equipment Required: High frequency spectrum analyzer 
(-hp- Model 141T/8552B/8553B/8566A/8568A) 


a. With the 3325A in its turn-on condition, set the 
frequency to 10 MHz, function to square wave, and 
amplitude to .999 Vp-p. 


A5 - see Section VII if necessary for alternate adjustment 
locations 


Model 3325A 


b. Adjust the spectrum analyzer as follows: 


Center Frequency.............005 50 MHz 
Bandwidth. ......cc eee cence eae 300 kHz 
Scan Width................-. 0-100 MHz 
Input Attenuation................. 40 dB 
Video Filter... . 0... cece eee eee 10 kHz 
Sean Time.........ccec cua 10 msec/div 
Log Reference Level... + 10dBm,10dBLOG 
WETTED oii 6M cece Sea aed ed cea —5 dBm 
SCAN MOGs 6 cee. 5 eign oh eeeacees INT 
Scan Trigger... .... ccc ce eee eee AUTO 


¢. Connect the 3325A signal output to the spectrum 


analyzer input. Do not use a 50 2 feed through termina- 
tion. 


d. The spectrum analyzer should display the high 
level odd harmonics and low level even harmonics of the 
10 MHz square wave. 


e. Adjust the bias, A14R275 to minimize the 20MHz 
second harmonic. It should dip sharply to > 34dB below 
the fundamental. 


5-16. Ramp Stability. 


Equipment Required: Oscilloscope, with delayed sweep 
(-hp- Model 1740A) 


a. Connect 3325A signal output to the oscilloscope 
vertical input. (Do NOT use a 10:1 probe.) If the 
oscilloscope is an -hp- Model 1740A, set the input 
switch to the 50-ohm position. If your oscilloscope does 
not have a 50-ohm input, use a $0-ohm load (-hp- Model 
11048C 50-ohm Feedthru Termination) at the input. 


b, Set the 3325A as follows: 


Function... ...2.-005 Positive Slope Ramp 
Frequency, .....2....22--202000 00s 100 Hz 
Amplitude. .........0ccc eee aeeee 10 Vp-p 


Remove the RMP test jumper 


c. Set the oscilloscope as follows: 


Vertical ..acinites ioesacue dae 2V/div 
Main Sweep .......ccee cree ears 2ms/div 
Delayed Sweep ........--.------ 20nS/div 
2 424 -] Cae a eee Negative 
Delay aca tdsciidan ba nate dads Mid Screen 
Display soci ce vee oe Fee eee AorB 


(Do not use ALT or CHOP) 


d. Set the oscilloscope to delayed sweep. Adjust the 
delay to see the ramp reset jitter and read the positive 
ramp jitter in microseconds. 


e. Press the Negative Ramp function on the 3325A, 


f. Change the trigger on the oscilloscope to positive and 
note the negative ramp jitter in microseconds. 


Adjustments 


g. Bump the 3325A frequency to 99.999999H7 and read 
the ramp jitter in microseconds. 


h. If any of the above readings excced 60us, adjust 
A14C110 to reduce the jitter. 


i. Repeat the ramp jitter measurements of steps d and 
f, adjusting A14C110 as necessary to reduce the jitter to 
60us or for the best compromise between the two, 


NOTE 
If ramp jitter cannot be adjusted satisfactor- 
ily, troubleshoot the ramp generating circuttry 
(Service Group J). 


j. The RMP test jumper can be left off if it results in 
the best possible adjustment. 


ff 


Figura 5-1. Ramp Reset Waveform. 
5-17. Amplitude Flatness, A5 


Equipment Required: ]1Vrms/50Q Thermal Converter 
(-hp- Model 11050A), Digital Voltmeter (-hp- Model 
3455A/3466A), Resistor 2002 1% 1/8W 0757-0407, 
Resistor 502 1% 0.5W 0698-5965, Resistor 130 1% 1/8W 
0757-0380, Resistor 250 5% 1/4W 0683-2505, Resistor 
1500 1% 1/8W 0757-0284 


a. Set the 3325A as follows: 


Function .j.; 22.2242 aves ees Since 
Amplitude ........ 0. ce reer eee 10Vp-p 
Frequency .......c cee etc eeeeee 1kHz 


b. Connect the 3325A signal output (through the 
10Vp-p pad and thermal converter) to the digital volt- 
meter (see Figure 3-2a). 


CAUTION 
Insure that the input voltage to the thermal 
converter does not exceed IVrms, Also for 
best results, allow the thermal converter time 
to settle and adjust to surrounding tem- 
peratures. 


«, Note and record the de voltage reading on the volt- 
meter. This is the flatness reference voltage. 


d. Set the 3325A frequency to 20MHz. Using a non- 
conductive tool, adjust Al4C217 to obtain the same read- 
ing as the reference recorded in step c. 


e. Set the 3325A to lJOMHz. Adjust Al4R142 to ob- 
tain the same reading as recorded in step c. Repeat step 
d, adjusting Al4C217 as necessary. 


AS5 see Section VII for alternate procedure 
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Adjustments 


f. Set the 3325A to 16MHz. The voltmeter reading 
should be within +0.15mV of the reference recorded in 
step c. If not, decrease padding capacitor A14C101 using 
the capacitors shown in Table 5-2. Repeat steps d and e. 


g. Set the 3325A to 20MHz. Bump the frequency down 
to IMHz in 1MHz steps. Note the de voltage at each fre- 
quency and insure that it 1§ within + 0.15m/V of the refer- 
ence recorded in step c. 


h. If the dc voltage measured in the 19-21MHz range 
is out of tolerance, increase or decrease the value of 
A14C103 as necessary, using the values shown in Table 
5-2. If A14C103 is changed, repeat steps d and g. 


i. Set the 3325A amplitude to 3.0Vp-p. 


j. Replace the lOVp-p pad with the 3.0Vp-p pad (Figure 
5-2b). Repeat steps d and g. If a voltage measured in step 
gis out of tolerance, repeat the amplitude flatness ad- 
justrnent with the 3325A at both 10Vp-p and 3Vp-p until 
all voltages are within tolerance. 


CAUTION 
Insure that the input voltage to the thermal 
converter does not exceed 1 Vrms. 


5-18. Mixer Spurious Signal. 


Equipment Required; high frequency spectrum analyzer 
(-hp- Model 1411T/8552B/8553B/8566A/8568A) 


a. Set the 3325A as follows: 


PUnCHONY oc3s.2eitas eee he eh eee acts Sine 
Amplitude... 0.0.0... cae eae 0.999Vp-p 
Frequency ......ecee errr receees 20MHz 


eee 


Model 3325A 


b. Set the spectrum analyzer as follows: 


Center Frequency .........--:00005 10MHz 
Bandwidth .......--. 6: cc esac eee ees 30kHz 
Scan Width. .........0-0e cere 2MHz/div 
Input Attenuator... .. cee ee eee 10dB 
Scan TIMG@....ccccseeeeeceereees 20ms/div 
Log Ref Level ........----- 26: c eens 0dB 
Verner wink i cbse tee tin Pek ae — 10dB 
Seale scueria Sea dnd Coates 10dB log 
Video Filter ..........-2- 2000s aeaee 10kHz 
Scan Mode........-.:seseseeer erence Int 
ROAM TTBRGY tee cacn seen act a anee seen Be Auto 


c. Connect the 3325A signal output to the spectrum 
analyzer’s 500 input. 


d. The 2:1 mixer spur should occur at 1OMHz. Using 
a non-conductive tool, adjust A3R115 (MXR ADJ) until 
the 2:1 spur is at a minimum. Check the VCO/2 spur at 
5MHz. 


e. Using the modify keys, bump the frequency from 
20MHz to 11MHz in 1MHz steps. Observe the spectrum 
analyzer for spurious responses. At 18MHz, check for 
the 3:2 spur at 6MHz. Note that in all cases, all spurious 
responses should be > 70dB below the desired signal. 


Table 5-2, Padding Values. 


A14C103 
130pi -hp- p/n 0140-0195 


| 75pf -hp- p/n 0160-2202 140pf*-hp- p/n 0140-0217 
_S2pf*-hp- pin 0160-0145 | 1S0pi_-hp- p/n 0140-0196 


| “Loaded Value 


Digital Voltmeter 


68pi -hp- p/n 0140-0192 


10Vp-p Pad 


¥V/502 
Thermal 
Converter 


1V/5002 
Thermal 
Converter 


Figure 5-26. Amplitude Flatness Adjustment (3Vp-p Pad). 
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Model 3325A Replaceable Parts 


SECTION VI 
REPLACEABLE PARTS 


6-7. INTRODUCTION. 
6-2. This scction contains information for ordering replacement parts. Table 6-3 lists parts 


in alphanumeric order of their reference designators and indicates the description, -hp- part 
number of each part, together with any applicable notes, and provides the following: 


a. Total quantity used in the instrument (Qty column). The total quantity of a part is 
given the first time the part number appears. 


b. Deseription of the part. (See List of Abbreviations in Table 6-1.) 


¢. Typical manufacturer of the part is a five-digit code. (See Table 6-2 for List of 
Manufacturers.) 


d. Manufacturer’s part number. 


6-3. Miscellancous parts are listed in Table 6-3 following their respective assemblies. 
veneral miscellaneous parts are listed at the conclusion of Table 6-3. 


6-4. ORDERING INFORMATION. 


6-5. To obtain replacement parts, address order or inquiry to your loca] Hewlett-Packard 
Field Office. (See List of Office Locations at the end of this manual.) Identify parts by their 
Hewlett-Packard part numbers. Include instrument model and serial numbers. 


6-6. NON—LISTED PARTS. 
6-7, To obtain a part that is not listed, include: 
a. Instrument model number. 
b. Instrument serial number. 
¢. Description of the part. 
d. Function and location of the part. 


6-8. PROPRIETARY PARTS. 


6-9. Items marked by a dagger ({) in the reference designator column are available only for 
repair and service of Hewlett-Packard instruments. 


6-10. PRINTED CIRCUIT ASSEMBLIES. 


6-11. Printed circuit assemblies are listed in Table 6-3. An itemized parts listing of each as- 
sembly is located in the service group associated with each printed circuit assembly. 


6-] 


Replaceable Parts 


silver 
aluminum 

+. ampere(s} 
gold 


capacitor 

-. ceramic 

- coefficient 

ara asinine i 352 common 
.. . composition 
connection 


Oe ay deposited 
double-pole double-throw 
double-pole single-throw 


electrolytic 
-encapsulated 


gallium arsenide 
gigahertz = 10*9 hertz 
-. guardted) 

- - germanium 

. ground(ed} 


. beory ties} 


assembly 

.. motor 

. battery 

- - Capacitor 

- diode 

delay line 

lamp 

mise @lectronic part 
aes ae . fuse 


Table 6-1. List of Abbreviations. 


ABBREVIATIONS 
NPO . 


-. hertz (cyclels) per sacond} 


. -inside diameter 
impregnated 
incandescent 

. . .Insulatian{ed) 


kitohm{s) = 10+ ohms 
kitohertz = 10*3 hertz 


inductor 
i or linear taper 
+ oe... logarithmic taper 


misliamperets) = 1072 amperes 
megahertz = 10*6 hertz 
megohmi(s) - 106 ohms 
- metal film 

- .. Manufacturer 
millisecond 

‘ ++... mognting 
. millivolt{s) = 10° volts 
s microfarad{s} 
microsecond (s) 
microvoltis) = 10°6 volts 


Mylar(R) 


nanoamperets) = 10°9 amperes 
a narmaliy closed 
neon 


normally open = Si 


DESIGNATORS 


fitter 

. .heater 
integrated circuit 
jack 

relay 

induc tor 

meter 
mechanical part 
plug 


Qa 


acr 
R 


aT 


$ 

he 
TB 
TT 
TP 


Negative positive zero 

(zero temperature coefficient) 
nanasecond{s) = 10°9 seconds 
. NOt separately replaceable 


bee eee eee eee ee Ohmi sh 
-..... order by description 
....... outside diameter 

. ... peak 

picosmperets) 

ihe printed circuit 

. . picofaradis} 10°12 tarads 

peak inverse voltage 

.. part of 

position(s} 

sss. polystyrene 

---. potentiometer 

peak-to-peak 

: -barts per million 

. Precision (temperature coeffient, 
long term stability and/or tolerance) 


resistor 

rhodium 

. roolUmean-square 
- . .fotary 


selenium 
. section(s} 
silicon 


transistor 

- Wansistor diode 
resistor 

thermistor 

switch 

transformer 
terminal board 
thermacaupie 

test point 


Model 3325A 


see nut slide 
. Single-pole double- throw 
single-pote single. throw 


toggle 
tolerance 
trimmer 
transistor 


: Be Fs - woIt(s} 
alternating current working voltage 
bette e ect eee eee. WaSiabte 

direct current working voltage 


working inverse yoltage 
a . without 
wisewound 


Optimum value selected at factory, 


average value shown (part may be omitted) 


. We standard type number assigned 
selected or special type 


@) Dupont de Nemours 


. terminal strip 

. micracircuit 

vatuum tube, nean bulb photocell, etc 
cable 

. Socket 

lamphalder 

fusehoider 

crystal 

network 


@ 


Table 6-2. List of Manufacturers. 
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Manufacturer Name 


Address 


Nippon Electric Co. 

Any Satisfactory Supplier 
Addressograph Multigraph Corp. 
Allen-Bradley Co. 

Texas Instr Inc. Semicond Cmpnt Div. 
KO! Pyrofilm Corp. 

Motorola Semiconductor Products 
Panduit Corp. 

Fairchild Semiconductor Div. 
Sprague Elect Co. Semiconductor Div. 
Signetics Corp. 

Mepco/Electra Corp. 

Corning Glass Works (Bradford) 
Varadyne Inc. 

National Semiconductor Corp. 
Hewlett-Packard Co. Corporate Hq. 
RCA Corp. Solid State Div. 

Intersil Inc. 

Bourns Inc. Trimpot Prod Div. 
Advanced Micro Devices Inc. 
Centre Engineering Inc. 

Stettner Electronics Inc. 

Synertek 

Sprague Electric Co. 

Electro Motive Corp. 

Johnson E F Co. 

TRW Inc. Philadelphia Div. 
Littelfuse Inc. 

TRW Capacitor Div. 

Dale Electronics Inc. 


Tokyo, JP 


Cleveland, OH 44117 
Milwaukee, WI 53204 
Dallas, TX 75222 
Whippany, NJ 07981 
Phoenix, AZ 85008 
Tinley Park, IL 60477 
Mountain View, CA 94042 
Concord, NH 03301 
Sunnyvale, CA 94086 
Mineral Wells, TX 76067 
Bradford, PA 16701 
Santa Monica, CA 94040 
Santa Clara, CA 95051 
Palo Alto, CA 94304 
Somerville, NJ 

Cupertino, CA 95014 
Riverside, CA 92507 
Sunnyvale, CA 94086 
State College, PA 16801 
Chattanooga, TN 13035 
Santa Clara, CA 95051 
North Adams, MA 01247 
Florence, SC 06226 
Waseca, MN 56093 
Philadelphia, PA 19108 
Des Plaines, IL 60016 
Ogallala, NE 69153 
Columbus, NE 68601 


e 


Replaceable Parts 


Reference 
Designation 


Ae 


ARC 
AaCe2 
ABTS 
A2C4 
A2C5 


ARCE 
A207 
ARCB 
ABC? 
Aa2cig 


REC 


03325-46502 


0160-4508 
Dipd 
0160 
0150 
0166 


016035 
0180- 
0180-2635 
0180~4619 
0460-3647 


1160-3508 
0160-4571 
6190-4791 
0160-3947 
0180~2623 


0160-0423 
0180-0423 
0160-3008 


< 


adn wa bLoct wv 


~ QNae 


Table 6-3. Replaceable Parts 


Description 


POWER SUPPLY A 


CAPACI TOR™FXD 
CAPAC TTOR-FXD 
CAPACETOR-FXD 
CAPACITOR -FAD 
CAPAC TTOR“FXD 


CAPACTTOR~F XD 
CAPACITOR -FXD 
CAPACI TOR--FXD 
CAPACKTOR~FXD 
CAPACITOR -F XD 


CAPAC ITOR~FXD 
CAPACTTOR~-FXD 
CAPAC ITOR-FXD 
CAPACT TOR-FXD 
CAPACTTOR-FXD 


CAPACITOR~FXD 
CAPACTTOR-FXD 
CAPACI TOR-FXD 


oY 


TUF *84-20% SO0VDC CER 
TUF #80"20% SOYDC CER 
TUF +-20% Sovpe CER 
11UF 4#°20% SOVDC CER 
LOOOUF+50-10% SSYDC Al. 


1UF +80-20% SOVDC CER 
A. 7UF+-20% LOVBC TA 
LIGOUF*SO-20% SE¥DC 
GONOUF+50--10% 16VDC 
<O1UF #100-0% Sdvpe 


1UF +80--20% SOVDC CER 

+ 1UF +80-20% SOUDG CER 
&.GUF+-20% SVPC TA 
O1UF +100-0% So0vDC CER 
A7OUF450-10% 6.3¥DC AL 


1OQUF 4 S0-10% 
LOOUF 50-10% 
470UF +5 0~10% 


25YDC Al. 
25ND AL. 
SSYDC AL 


28480 


28480 
28490 
22490 
28480 
28480 


28486 
T6289 
28480 
29480 
23480 


268490 
28480 
Bh209 
28480 
20480 


28480 
28480 
28460 


Replaceable Parts 


Mfr Part Number 


03225-66502 


0160-3508 
08 


0160-2635 


0160-3508 
158D475xK0 610A2 
0180-2635 
0160-4610 
0160-3847 


THONSBSXO006A2 
0160-3847 
0180-2923 


04980-0423 
0190-0425 
6189-3008 


“~o do 


0180-2823 CAPACITOR-FXD A70UF+S0-16% &.3VDC AL. 20490 0160-2923 
04713 
94713 
04713 
0471% 
28480 


MR 751 
MR754 
WR? S1 
MR751 
1992-0025 


1901-0662 
1901-0662 
1901-0662 
1901-0662 
1902-0025 


DIGDE-PWR RECT 100V 6A 
DIODE~PWR RECT 100 64 
DLODE~PWR RECT 106V 6A 
DXODE- PWR RECT 100V 6A 
DIODE-ZNR 7OV 5% DO-35 PD=.4W Tl=+.06% 


boa ol 


AACRS 


ALCR7 
A2CRO 
AGCRI 
ACCRIO 
ALCRIA 


2480 
20489 
04713 
3L585 
aeage 


1702-3214 
1901-0040 
INDeS 
2N6400 
1901-0049 


41902-3214 
1901-0040 
1902-0777 
1884-0266 
1901--0040 


DIODE-ZNR 16,2Y 2% DO-3S PD=,4W 
DIODE-SWITCHING 30 SOMA 2NS DO~35 
DIODE~ZNR iNG25 6,2V 5% DO-7 PD=,4u 
THYRISTOR-SCR 2N6400 TO-220AB VRRM=S0 
DIODE~SWITCHING 30Y SOMA 2NS DO-35 


Kamas 


4901-0040 
1901-0040 
1701-0518 
1701-0040 
1901-0935 


DIODE“SWITCHING 30V SOMA 2NS DO-3S 
DIODE--HWITCHING 30V¥ SOMA 2@NG DO-35S 
DIGDE-SH SIG SCHOTTKY 
DIODE~SWITCHING 30V SOMA 2NS DO-3S 
DIODE-SM SIG SCHOTTKY 


28480 
28460 
28480 
284nd 
28480 


1901-0040 
1902-0040 
1901-0518 
1901-0040 
1901-0535 


ABCRIS 
APRCRIb 
ARCRA7Z 


Oe ye 


A2CR19 1901-0518 DIQDE-SM SIG SCHOTTKY 28480 1901-0518 


au «oC 


0490-0745 RELAY 10 6VDC~-COIL 1A 115VAC 28480 0490-0745 


9100-3807 INDUCTOR RF-CH-MLD 110NH 5% .166DX, 3656 26490 9100-3807 
28480 
28480 
28486 
28480 
28480 
28480 
20480 
28480 
28486 
67263 


1251-4246 
1251-3750 
1251-36368 
1201-4246 
1261-3570 
03325-66901 
03325-44902 
03325-64903 
1854-0094 
aN4917 


CONNECTOR J-PIN M POST TYPE 
CONNECTOR 10-PIN M POST TYPE 
CONNECTOR 6-PIN M POST TYPE 
CONNECTOR 3-PIN M POST TYPE 
CONNECTOR 10-PIN M POST TYPE 

XSTR ASSEMBLY 

XSTR ASSEMBLY 

XSTR ASSEMBLY 

TRANSISTOR NPN SI PD=200MW FT©350MHZ 
TRANSESTOR PNP 2N4917 SI PD=200MW 


APP t 
AQP2 
ARPS 
ARP 4 
A2P5 
A21 
azae 
Aas 
azga 
Ag 


1254-4246 
1251-3750 
12514-3638 
1251-4246 
1261-3570 
03325-66901 
03325-66902 
08525-66703 
1854-0094 
1653-0089 


Wr aGungaova > 


64713 
07263 
047135 
264680 
04713 


2N3904 
2N4P 17 
2N5904 
1854-0071 
MIE223 


A2ZQt 
A2Q7 
4208 
AzQ? 
ALHIO 


1854-0215 
1853-00987 
1454-6215 
1854-0071 
1854-0692 


TRANSISTOR NPN SI PD=350MW FT=300MHZ 
TRANSISTOR PNP 2N4917 SY Pb=200MW 
TRANSISTOR NPN Si PD=350MW FT#300MHZ 
TRANSISTOR NPN ST PD=3000W FT=200MHZ 
TRANSISTOR NPN SI PP#15W FT=SOMHZ 


ave ae 


07263 


04713 
28460 


RNAP? 
4IE371K 
1893-0066 


TRANSISTOR PNP 2N4917 SI PD=200MW 
TRANSISTOR PNP SI TO-220AB PD=60W 
TRANSISTOR PNP SI TO~92 PD=625hW 


A2Qi1 
A2QIZ 
heais 


1853-0089 
1853-0455 
1853-0066 


24546 
BASSE 
61121 
73042 
64121 


CA~9/8~-T0-2004-F 
04-1 /8-T0~-2001 -F 
CH2035 
BW20~1/2-RGG-T 
CEI9AS 


AZR1 
AAR 
AGRI 
AAR4 
AARS 


0757-0283 
6757-0263 
0483--2035 
0811-2546 
0683-3925 


RESISTOR 2K 1% .1@5W F TCe0+-190 
RESISTOR 2K 1% .125W F TC=04+~100 
RESISTOR 20K 5% ,25W FC TC=-400/+800 
RESISTOR .56 5% .GW PW TCs 300 
RESISTOR 3.9K 5% ,25W FC TC=-400/+700 


24546 C4~1/98-T0~-1001°F 


A2RG 
ABR? 
ABRG 
ARRP 


0757-0260 
0757-0280 
9683-2035 
9683-1025 


RESISTOR 1K 1% 
RESISTOR 1K 1% 
RESISTOR 20K 3 
RESISTOR 1K 5% 


425 F TO=0+-108 
t25W F To=04+~100 

% ,a5W FC TC=~4007+800 
25H FO The-40074690 


2ASAS 
o1i21 
01121 


C4~1/8-T0-1001-F 
CH203S 
cu1025 


Nw NoeWdeo OS 


AZR19 0811-9548 RESISTOR .47 S% .SW PW TC<O+-360 75042 BW26-5/10~ .47R-J 
91121 
01421 
01121 
01121 


24546 


C1025 
Cb4715 
Ch1is25 
ce1015 
C41/8-T0-131-F 


AGR11 
A2R12 
ABR1S 
AR14 
AaRIE 


0683-1025 
0683-4715 
0683-1525 
0683-1615 
0757-0404 


RESISTOR 1K 5% .25W FC TOs-400/+4600 
RESISTOR 470 S% .25W FC TC=-400/+600 
RESISTOR 1.5K 52 .26W FC TC=-400/+700 
RESISTOR 100 5% .25W FO TO=~400/4+500 
RESISTOR 136 1% .125W F TC=0+-100 


Wwhrowd 


2AS46 
24546 
01121 
Gii2t 
20460 


04-1/8-TG-825 1-7 
C4-1/78-TH6192-F 
Cusi2s 

CHE7 0S 

0699-6360 


RESISTOR G.25K 1% ,125W F TOeO+-108 
RESISTOR 61,9K 1% .125W F TC=O+~100 
RESISTOR 3.1K 5% .25W FO TGe-400/4+700 
RESISTOR 27 5% ,25W FC TO=-460/4+500 
RESISTOR 10K .1% .125W F TC=0+-25 


ARR16 
ABRi? 
AGR19 
ABRP 
AR2A0 


9757-0444 
0757-0460 
0663-5125 
9683--2705 
0498-6360 


reo a 


See introduction to this section for ordering information 
*Indicates factory selected value 


Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference HP Part we 
Designation | Number Description Mfr Part Number 


AZRZ1 JOBS 1015 RESISTOR 160 5% .a5W FC TG 400/4+500 01121 Ce10iS 
A222 2100-3296 3 R STOR-TRMR 1K 10% € TOP-ADI 17-TRN 26480 2100-3296 
ARRAS 0698-6647 RESISTOR 15K .1% . teow ¢ T 4 28480 0498-6619 
AARL4 0698-4320 RESISTOR SK .1% ,125W F T % 93888 

A2R2S 0685-1015 RESISTOR 100 S% .2@5W FC TCs i ori2k 


RESISTOR 12,5K .1% ,125W & FC=O+-25 1P 704 MF401/8-T9- 1252-h 
RESISTOR 8.64K .1% .125W F TC=04+-25 19701 MF AC1/9-T?-8441-—-8 
cht 1.18K 14% ,125W F 7 O+-160 PASSE C4~t/8-TO-1184-F 

160 S% .25W FC TC 00/4500 Oi121 Cei0is 
RESISTOR 104 54 .a5W FO TO=-4007+700 g1121 CBOSS 


AER26 0698-8191 
ABRA?Z 6698-8060 
ALR2B 2 
ARRAF 

ALRIO 0483-16035 


“=soxuc 


RESISTOR 4.7K SK .25W FC To=-400/+790 01124 Ca4725 
RESISTOR 10K .1% ,i25W F FCHd+~25 28480 $698-6360 
RES{STOR 100K SX .eSW FC Tle- 40074900 01121 C81045 
RESISTOR 20K 9% ,25W FC TC=-400/7+800 G1l1aL Ch2635 
RESISTOR StO G4 .SW CO TC=0+529 01121 EBS115 


AARSA 0683~4725 
ARRIS 059786346 
A2R34 0693-1045 
ARRSS 6683-2935 
AAR SG 0686-5115 


mm 


ro Gl oo 


RESISTOR 10 5% .25W FC TO=-49074500 O1i21 CB1005 
RESISTOR 1,6K 5% .a5W FC TCs-4007+700 61121 CBIG2aS 
RESISTOR 3K 5% .25W FC TC=-400/+700 01124 CHS025 


ARRAI 04683-1905 
AER 42 04 1625 
ABR 43 683-3025 


SWITCH-Sl SPDT MINTR .S5SA 125VAC/PC PC 28480 3101-1162 
SWITCH-SL DPRT STD 2A 250VAC SLDR-LUG 29480 3101-2042 


$101~-1162 
3101-2042 


Ger Gat 


ABU 1906-0096 / DLODE-FW EBERDG 200V 2A 04713 
ARW2 1826-0679 K IC OP AMP GP DUAL TO--?9 PKE 27014 
A2US 1826-0678 Ic oP AMP GP DUAL TO-99 PKG 27014 
ARUA 1826-0678 1G OP AMP GP DUAL TO-99 PKG 27014 


A2VI 0837-0120 VARISTOR~130VAC 28480 0637-0120 


CONNEC TOR~SGi. CONT PIN 1,14-MM-BSC-SZ SQ 23480 1251-6600 
CABLE TIE ,062~2-DIA .0?5-WD NYL. 28480 1400-0507 
SCREW-MACH 4°40 .375-IN-LG PAN-HD~POZT 26400 2200-0143 
NUT -HEX--W/LKWR 4-40-THD .094+-IN-THK 00006 ORDER BY PRESCRIPTION 
SCREW-MACH 6-32 .25-IN-LG PAN“HD-POZL 90000 ORDER BY DESCRIPTION 


1251-0606 
1400-0507 
2200-0143 
2260-0009 
2360-0113 


ao 


WASHER -BHLDR NO, 4 .115-IN-ID .2~iN-O0D 28480 3050-0440 
LABEL“WARNING .5S-IN-WD 1-IN-LG MYLAR 28480 7120-4712 
LABEL-CAUTION 1.925-IN-WD 2.24-iN-LG 28480 7121-1234 


SO50-0440 
7120-6712 
7121-1234 


oon Nac 


As 03 328--66503 SIGNAL SOURCE 8 £8480 03329-66503 
CAPACITOR-FXD .1UF +-20% SOUDC CER 28480 6160-3558 
CAPACETOR-FXD .Q1UF +100~0% SOVDC CER ahago 6160-3847 
CAPACI TOR-FXD S1OPF +-5% SO0YDC MICA 28480 0160-0362 
CAPACITGR-FXD S1GPF +-5% B00¥DC MICA 29480 0160-0362 
CAPACTTOR-FXD .G1UF 4100-0% SOVDC CER 28480 0160-3847 


ASG 0160-3558 
AaC2 0160--3847 
ASCZ 0160-9362 
A3C4 0160-0362 
ASCE 6160-3947 


INNVYG SO 


CAPACTTOR-FXD 1G0PF +-5% BOGVDC MICA 29490 0140-2204 
CAPACITOR™FXD A2UF+-10% 15VDC TA n62B? 150D226X90 1582 
CAPACTTOR-FXD ,1UF +-20% SOVDC CER 20480 0160-3558 
CAPACITOR-FXD ,47UF +80-20% 25VDC CER 28480 0160-0174 
CAPACITOR-FXD 5OPF +-5% BO0VDC MICA 72136 DMISESSO SO SOGWVICR 


4307 0160-2204 
ASCO 0199~-0228 
ASCP 9160-3558 
ASCLL 0160-0174 
ASC12 Q140-0191 


Boyne 


CAPACITOR FXD 240PF t5% S00N0C MICA 72136 DM1SF241 7030 0WVICR 
CAPACITOR-FXD 20PF +-5% GOOVDC CER 04-30 20490 9169-2264 
CAPACTTOR-FXD .O1UF #100-G% SOVDC CER 28480 0160-3847 
CAPACTTOR-FXD .O1UF +100-0% SOVDC CER 28480 0160-3847 
CAPACKTOR-FXD 47PF +-S% SOOVDC MICA 7F2R1BO DM15E 4707059 0WV1CR 


AIC13 6140-0199 
A3C14 0160-2264 
ASC1E 0460-3847 
ASC? 0160-3047 
ASELB $140~0204 


oe 


CAPACITOR-FXD .O1WF +100-0% SOVDC CER 28486 $160-3847 
CAPACITOR-FXD 6,2PF +~,25PF SOOVDC CER 28480 0160-2208 
CAPACTTOR-FXD 2,2UF+-10% 20VDC TA Sb2B? ASOHA25X7 O20ARA 
CAPACITOR-FXD 2.2UF+-10% 20VNC TA 56289 150D225X7 020A2 
CAPACTTOR-FXD 1S5UF+-10% 20VDC TA S628? 150D156X9 020K2 


AICS 0160-3847 
Asel20 0160-2252 
0180-0197 
0160-0197 
DL8G-1746 


ano seen 


an 


CAPACITOR-FXD .1UF +-20% S@VDE CER 26490 0140-3558 
CAPACTTOR-FXD ,O1UF 4400-0% SOVDC CER 28400 0160-3847 
CAPACITOR-FXD ,Q4UF +100-0% SOVDC CER 23480 0160-4847 
CAPACITOR~FXD .O01UF +100~-0% SOVDC CER 28480 0160-3847 
CAPACITOR-FXD .OLUF 4+190-0% SOVDC CER 28480 0160-3047 


0160-3558 
0160-3847 
0160-3847 
0169-3847 
ASC2a9 0160-3847 


eeu 


CAPACTTOR-FXD S3UF+-10% i0VDC TA 56289 450D536X901032 
CAPACITOR-FXD (UF 10% 20VDC TA S620? 150D154X9 020 Re 
CAPACITOR-FXD 15UF+-10% 20¥PC TA 56289 159D1356X9 02082 
CAPACITOR-FXD .Q1UF +100-0% SOvpC CER 29480 0160-3847 
CAPACITGR-FXD .OUWF +200~0% SOVDE CER 28480 0160~3847 


ASSL 6160~0229 
ASCI2 0180-1746 
ABCBS 0190-1746 
ASCIA4 0169-3847 
ASCE 0160-3847 


CAPACITOR-FXD ,OFUF +100-0% SOVUDC CER 28480 9160-3847 
CAPACITOR-FXD .O1UF +#160-0% SOVDC CER 28480 0160-3647 
CAPACTTOR-FXD .O1UF +#100-0% SOVDC CER 20480 6160-3847 
CAPACITOR-FXD ,OLUF +160-0% SOVDC CER 20480 0160-3847 
CAPACITOR~FXD 75PF +-1% 100VDC MICA 28480 0160-3520 


AICS? 6160-3847 
ASO3a 9160-3847 
ASC3? 9160-3847 
A3SC41 0160-3847 
A3l42 0160-3520 


w“arveyesow Yuan 


CAPACITOR-FXD 7,5PF 4+~.25PF SOOUDC CER 28480 0160-2254 
CAPACITOR-FXD 9,2PF 4-.25PF SOGVUDE CER 28480 0160-2255 
CAPACITOR-FXD .GIUF +100-0% SOVDC CER 284s 61690~3847 
CAPACITOR-FXD SisPr &-1% 300UDC MICA 28480 0160-3085 
CAPACTTOR-FXD 30PF +-54% 3G00VDC MICA 28490 0160-2199 


ASCAS 0160-2294 


NSC47 
ASCAR 0166-2199 


Nwweo 


See introduction to this section for ordering information 
*Indicates factory selected value 


Replaceable Parts 


Reference 
Designation 


ABCAY 
ASC 

ASCE? 
ASCSS 
ABCHL 


A3Ci0R 
ASCAOS 
AIC1O4 
ASC1I0G 
ASC107 


A3C108 
ASCLOS 
ASCII 
ASC112 
ABCAVS 


A3C114 
ASCHLG 
A3C117 
ASCTILB 
AICP 


ABE 120 
ASCE 
A3C122 
A3C1e3 
ASO124 


ABL ILS 
A3C127 
ABC1 28 
ABCLAP 
ASOT 


ASC 132 
ABC1SS 
ABCLGA 
ASC156 


1160 -3847 
9169-3947 
0160-3947 
0166-3947 
0160-3847 


0160-2265 
0160-2265 
9160-3847 


0160-3847 
0160-3847 
0180-1746 
0160-2252 
0168-2266 


O1BO 174 
O160--2298 
0160-2263 
0160-2372 
0160-22260 


0160-2372 
0190-1748 
0160-3847 
0160-4847 
0160-3847 


0160-2244 
01400198 
O16d-2251 
0140-0196 
0160-2244 


9140-0196 
0160-22351 

01490-0199 
0160-2244 
0160-3847 


0160-3847 
0160-3847 
6160-3847 
0160-3847 


RBWwunvye yvwouetuan Gynt aMurts Wasa 


NON 


Table 6-3. Replaceable Parts 


Description 


CAPAC LTTOR-F XD 
CAPACITOR -FXD 
CAPACI TOR-FXD 
CAPAC LTOR-FXD 
CAPACITOR -FXD 


CAPAC TTOR~FXD 
CAPAC TL TOR~# xD 
CAPACITOR-FXD 
CAPACY TOR~F XD 
CAPAC LTOR-F XD 


CAPACITOR: -FXD 
CAPACI TOR-FXD 
CAPAC LTOR-FXD 
CAPACLTOR~FXD 
CAPACITOR -FXD 


CAPAC TTOR-FXD 
CAPACITOR -F XD 
CAPACI TOR~FXD 
CAP ACT TOR-FXD 
CAPAC TTOR~FXD 


CAP ACITOR~FXD 
CAPACITOR-FXD 
CAPACITOR~F XD 
CAPACITOR-FXD 
CAPACITOR -F XD 


CAPACITOR -FXD 
CAPACTTOR-FXD 
CAPACITOR -FXD 
CAPACITOR«FXD 
CAPAC LTOR~FXD 


CAPACI TOR~FXD 
GAPACTTOR-FXD 
CAPACITOR-FXD 
CAPACT TOR-FXD 
CAPACITOR FXD 


CAPACI TOR--FXD 
CAPACTTOR-FXD 
CAPACI TOR-FXD 
CAPACITOR -FXD 
CAPACITOR~FXD 


OLUP +100-0% 
-QUUF *160-0% 
-O1UF ¥100-0% 
-OLUF +100- 0% 
O1UF 4106 0% 


50vDC CER 
SOVDC CER 
SOVDC CER 
SOVDC R 
SOVDEL CER 


2aPF +e5% SOOVDE CER O4t- 3G 
aePF SK SOOVDC CER OF-30 


-OLUF +100-0% 
.O1UF 4100-0% 


SOVDE CER 
SOYDC CER 


TUF +-204% SOVDC CER 


-OLUF 4+100-8% 
sGLUF +100~-0% 


SOYDC CER 
SOVDC CER 


TOUF+-10% 20VDC TA 


Gi 2PF +. BSPE 


S00VbE CLR 


24PP 4°35% SQOVDC CER 04-36 


1SUF+-10% 20VNC TA 
S1.5PF 6-41% SOOVRC MICA 
1BPF 4-5% SOGVDC CER O+-3e 


APPP 42 


SOOVBC MICA 


13PF +-5% SO0VDC CER O+~30 


A7PF +-2% 300UDC MICA 
15UF+-10% 20VDC TA 


OLUF 410060% 
;Q1UF 4100--0% 
O1UF 4190-0% 


SOVDC CER 
SOUDE CER 
SOVDC CER 


SPF +-,25PF SO0VDC CER 
SPF #-S% SOGVDE MICA 


S.OPF +=, 25PF 
BOPF + 


SdOVbe CLR 


300VDC MICA 


SPF +-,25PF SO0VDC CER 


S9OPF 4-S% JOOVDC MICA 


5.6PF +=, 25PF 
SOPF 


SOOVDE CER 


34 SOUYDC MICA 


SPF +. 25PF S00VDC CER 


O1MF +100-0% 


,OVUF 4108-0% 
-Q1UF +100-0% 
/OLUF +100-0% 
<O4UF +#100-0% 


HOVDC CER 


Sevdce 
SOVbc 
SOVDC C 
SOVDC 


TSUF4+-10% 20VDC TA 


28480 
28486 
28480 
20480 
26480 


C8400 
2480 
24d 
284g 
28480 


e284c0 
26480 
6289 
28480 
2B480 


6289 
26480 
26480 
28480 
28480 


28450 
36289 
26480 
28480 
2B480 


28480 
72136 
28480 
FAaI36 
28480 


7arse 
20480 
72136 
20499 
28480 


28450 
28480 
28480 
28460 
S299 


Replaceable Parts 


Mfr Part Number 


0160-3847 
0160-3847 
0160-3847 
0140-3847 
0160-3847 


0160-2265 
9160-2265 
0160-3847 
0160-3847 
0160-3598 


0160-3647 

0460-3847 

LB ODLS6Xeo20ks 

0160-2252 
“PLEE 


180D)S5éx90 202 
0160 “2293 
0160-2263 
0160-2372 
01640-2260 


0160-2372 
1S0D1SEXP020B2 
0160-3847 
$160-3847 
9160-3847 


0160-2244 
DMISESPATOSOOWVICR 
O14 

DM1 


0160-2244 
0160-3847 


0140-3847 
6160-3847 
0460-3847 
0160-3847 
1G50D156X9 02082 


ASCIS7 0180-1746 


ASC1 SS 0169-3647 CAPACITOR-FXD .O2UF +100~-0% SOVDC CER 28450 0160~3847 
1701-0046 
1901-00490 
19013-05168 
4901-0518 
1902-3149 


ABCR1 
ABER 
AZORS 
ABCRA 
ABSCRS 


28450 
28486 
28480 
20480 
268480 


1991-0040 
1701-0040 
1701-0519 
1901-0518 
4902-3149 


DIOQDL-SWITCHING 30V SOMA 2NS DO-35 
DIODE -SWITCHING 30Y TOMA 2NS BO-IS 
DIODE-SM STG SCHOTTKY 

PIODE-SKM SIG SCHOTTKY 

DIQDE-ZNR 9,090 9% DO-3S PD, 4W 


1902-3030 
MVv199 

1902~002% 
1901-0518 
1904-0518 


20480 
B4713 
28480 
28460) 
28460 


DIQDE2ZNR 3.01 G% DO-?7 PD*,4W TC=-.067% 
DIGDE-YVC 29FF 10% C3/C25-MIN=S BYR =30V 
DIODE--ZNR 104 S% DN-35 PD=. 4 Tl=+,. 06% 
DIODE-SM SIG SCHOTTKY 

DIODE-Sh BIG SCHOTTKY 


ASCR? 190 G30 
AACRS o12 089 
AICRID 1902-0025 
ASCRIL 1901-6518 
ASCRI2 1901-0518 


@aPawy Wore 


4906-0207 
1901-6535 
1901-0535 


28490 
28486 
28480 


ABCRI01 
ASCRIO2 
AGCRIOS 


1906~0207 
1991-0535 
1901-0535 


DIODE~-MATCHED 
DIODE-3M SIG SCHOTTKY 
DIODE-8M SIG SCHOTTKY 


woh 


26480 1251-6567 
20460 1258-0141 
28486 1251-2969 
28480 1851-2969 
29450 1251-2769 


CONNECTOR 21~PIN M POST TYPE 
SUMPER-REM 

CONNECTOR-PHONO SINGLE PHONG JACK; DIP 
CONNECTOR-PHONO SINGLE PHONO JACK; DIP 
CONNECTGR-PHONO SINGLE PHONG JACK; DIP 


AST1 
ASIA 
ASTS 
ABTS 
ASIO 


1251-6567 
1288-0441 

1251-2969 
12851-2969 
1251-2969 


1251-2969 
4251-2969 
1251-2969 
1251-2969 
4251-2969 


20480 
28480 
20460 
28480 
268480 


A377 
AITO 
ABI? 
ASII0 
Assi 


1251-2969 
1251-2969 
VASI- 2969 
1251-2969 
1251-296? 


CONNECTOR-PHOND SINGLE PHONO JACK; DIF 
CONNECTOR-PHONO SINGLE PHONO JACK; DIP 
CONNECTOR-PHOND SINGLE PHONG JACK; DIP 
CONNECTOR™PHONO SINGLE PHONG JACK; DIF 
CONNECTOR-PHONO SINGLE PHONG JACK; DIP 


26400 1251-2969 
28480 9100-3551 

28400 9100-1794 
28480 P140-9210 
28460 9140-9210 
23480 9170-0894 
28480 9140-0210 


ASIIS 
A3L1 
ABL.2 
ASLS 
ASL.4 
A3LS 
ASL 


1251-2969 
9100-3551 
9100-1791 
2140-0210 
9140-0210 
9170-0894 
7140-0210 


CONNECTOR PHONO SINGLE PHONO JACK; DIP 
Coil-MIid 1uH 5% Q=50 

INDUCTOR 290NH 20% ,A23DX.375L6 

INDUCTOR RF~CH-MLD 100UH 54% .166DX, 305LG 
INDUCTOR RF-CH-MLD L09UH G42 ,166DK.385LG 
CORE-SHIELDING BEAD 

INDUCTOR RF-CH°MLD 100UH &% .166DX.365LE 


Fore er as CaARSR PHAR 


9140-0210 
91003569 


28460 
28450 
29450 
29430 
2B480 


INDUCTOR RF-CH-MLD 100UH 5% ,166DX.3B5L6 
INDUCTOR RF-GH-MLD 5,6UH 5% ,166DX. 39516 
INDUCTOR RF-CH-MLD ZO0NH 4% ,166DX. 3B5LG6 
INDUCTOR RF -CH-MLD 47UH 5% .166DX. 3006 
INDUCTOR RF@CH-MLD 1UH SX .166DX,3G5L6 


ASL 
ASL.B 
ABLY 
ABL28 
ASLOOL 


9140-0210 
9190-3560 
9140-0253 
9100-1629 
9100-3551 


Pye a 


® 


See introduction to this section for ordering information 
*[ndicates factory selected value 


Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts @ 


Reference ae 
Designation Description Mfr Part Number 


ASLAG1 100-1791 
ABL1b2 9100-1791 
ASL 10% 7140-0265 
ASLAD4 9100-3552 
ASLA0S P140--0549 


INDUCTOR 290NH 20% .23DX.375.6 23400 PAGO-2791 
INDUCTOR 290NH 20% .23DK.375LG 28480 9100-1791 
ENDUCTOR RF-CHeMLD 1,60 5% .1660X.385L6 20480 9140-0265 
INDUCTOR RF CH MLD 1, 50H 54% .166DX. 2651.6 20480 94003552 
INDUCTOR RF-CH-MLD 1,1UH S% .166PX. 385L6 284680 P140-0349 


NO pS 


INDUCTOR RF “MLD 1.6UH SA .1646DX. S85L6 28480 
INDUCTOR 1 ITEM) 28480 
INDUCTOR RF-CH-MLD 2.2UH 18% .195DX.26L6 20400 9140-0142 
INDUCTOR ie “MLD 820NH 5% .166DX.385t6 28480 9100-3315 
INDUCTOR RF-CH-MLD S20NH 5% ,166DX. S8SLE 28480 9109-3315 


ABL106 9140-0265 
ASL107 Ft00-339 
ASL 108 9440-0142 
ASLALt 9100-3315 
ASLI12 91003315 


Mu@Ooat 


ABiL113 9100-3546 INDUCTOR RF-CH-MLD 1,.3UM 5% .15SDX, 37516 28480 9100-3546 
ASL114 F1O0-BS4s 8 INDUCTOR RF~CH- MLD 1.3UH 5% 2 284080 9109-3546 
ABLE 9100~3546 i INDUCTOR RF -CH-4LD 1. 5UH 5% SODX, S75. 20400 (s 
ASLAN? P00 SAG 9 INDUCTOR RF-CH- MLD 1.3UM 5% .185DX,375L6 26490 

ASLAS41 FI00-t791 INDUCTGR 290NH 20% .23DX.375L.6 28480 7100-41791 


ASL 1G2 9100-0539 INDUCTOR CHISC ITEM) 28460 F100 0539 
ABLISS 9140-0210 INDUCTOR RF -CH-MLD 10OUH 5% .166DX. SBSL6 28480 9140-0210 


ASMP 1 03325-20601 SHIELD, TOP 28480 O43 

ASMP S 03325-20602 SHIELD, BOTTOM 28490 93 

ABMPS 03325-04101 COVER, 1 28480 033 

ASMP S 03325-04103 COVER, 3 23480 03% 2504103 


ABP A 1251--4822 ¢ CONNECTOR 3-PIN 4% POST TYPE 29480 1201-4822 


TRANSISTOR PNP ST TO-92 PD=<625Mu 04713 MP SHE1 
TRANSISTOR J~FET N-CHAN D-MODE ST 28480 1855--0001 
TRANSISTOR PNP 2N4917 SL PD=200MW 07263 2N4917 
TRANSISTOR NPN SI PD=200MW FT=609MMZ 26400 1854-0092 
TRANSISTOR NPN SE PDE ShOMW FT=30OMHZ 04713 2N3904 


A3Q1 1953-0449 
ABQ2 1855-0081 
A3Q3 1053-0089 
ASQA 1654-6092 
ASS 1854-0215 


moa 


= 


TRANSISTOR PNP 2N4917 SE PD=200MW 07263 2N4917 


ABHAOL 1853-0089 
TRANSISTOR PNP 2N4917 SI PD=200Mu 87263 ENAPL7 


AIQ102 1853-0089 


ons 


RESISTOR 47 S% ,25W FC Te=-400/+500 $1121 CHAZ 

; a6.t 4% .12Sw F Tc=0+-100 03808 PMESE 1 /8~TO-26R 1-F 
RESISTOR 75 1% .125W F TC04~100 BASAG 24-1/8-TO-7GRO-F 
RESISTOR 2.2K 5% .@5W FC Tl=-400/+700 $1121 CB2225 
RESISTOR 178 1% .t25W F TC=0+-100 24546 04. 1/8-FO- 1 7OR-F 


ABR1 6683-4705 
AIRA 0698-3452 
ABRS 0757-0398 
ASRE 0605-2225 
ABR? 0698-3439 


RESISTOR 66.1 1% .1285W F TC=O+~100 RAS 46 C4--4/BTO- SBR IF 
RESISTOR 470 S4% ,25W FC TC=-4007+500 01121 Ch4715 

RESISTOR 100 1% .125W F TC=0+~-100 BASSE C4-1/8~T0-10%-F 
RESISTOR 68.1 1% ,125w F TC 24546 {4° 41/8~-T0-GOR1-F 
RESISTOR 120K S% .25W FO TGs 01121 CBL245 


ASRO O757~-B397 
ASRP 0483-4715 
ASR 1 0 0757-0404 
AAR 9757-0397 
A3R12 O683-1245 


8 
7 
4 
3 
4 
3 
Q 
Q 
3 
ba] 


RESISTOR 4.7K 5% .25W FC TO=-900/7+700 011781 CB4725 
RESISTOR 1K 5% .25W FC TC=-40074600 01121 CB1025 
RESISTOR 1K 5% .25W FC T 400/+600 O112a1 CH1025 
RESISTOR 2.2K 5% .254 FC ~AGD/4+706 04121 CB222%5 
RESISTOR 10K 1% ,125W F TC=0+-108 24546 f4~1/8-T0-1002-F 


ATR 1S 0683-472 
A3R14 0683~1025 
ABRIG 0683-4025 
A3R17 0683-2225 
ASRAB 0757-0442 


RESISTOR 100K S% .a3W FC TC#-400/4+900 o1121 CB1 045 
RESISTOR 1K 3% .25W FC TC=-400/+600 01121 Cki0aS 
RESISTOR 3,16K 14 .125W F TC=0+-100 24546 C4°1/8-TO-T161-F 
RESISTOR S.14K 1% .1258 F TC=0+~-108 24546 CAe1/8-TO-St411-F 
RESISTOR 2,2K 54% .25W FC Tl=-400/+700 614281 CRazes 


ASR1P 0683-1045 
ASRAL 6483-1025 
ABR22 8757-0279 
ASR23 0757-0438 
ASR24 0683-2225 


GHahoatu DWadwol 


RESISTOR 2k 1% .125W F Th=O4--160 24546 64-1/8-T0-2001-F 
RESISTOR 10K 1% .125W F TO=0+~100 2ASAG C4-1/8-T0-10028-F 
ASR2B 0498-4495 RESISTOR 29.4% 1% .125W F TC=04~-100 B45 46 C4~1/8-T0-2942-F 
ASRLP 0698-3154 RESISTOR 4.22K 1% .125W F TC#0+~-180 24546 C44 /8-TO~ 4224 °F 
ABRIO 2100-3789 4 RESTSTOR<TRMR 26K 10% C TOP-ADS 17-TRN 26480 2100-3789 


ARRAS 0757~0283 
ASRA7 0757-0442 


ce ot 


RESISTOR 1K 5% .25W FC TO=-400/+606 Q4124 CE1025 
RESISTOR-TRMR 20K 10% C TOP-ADJ 17~TRN 26490 2100-3789 
RESISTOR 1.686K .44 .125W F TO=0+-25 26486 0699-0191 
RESISTOR 259,6 .4% .425W F TC=0+~25 28480 0699-0189 
RESISTOR 75K 5% .25W FC Te=-400/4+006 01121 CB7S35 


ASR3Z2 0683-1025 
ASRS 2100-3789 
ABRI4 0699-0491 
ABR 36 0H99--0189 
ABRS7 0683-7535 


RESISTOR 2.15K 1% .125W F TC=0+~-100 24546 C44 /8-T0-2151--F 
RESISTOR 21,21K 1% ,125W FP TO=0+-100 24046 7B8-TO 1211 -F 
RESISTOR 1K S% ,25W FO Tos-400/+600 a4ie1 C1085 

RESISTOR 200 1% ,125W F TC=04+-106 24546 C4--1/8-T0-201-F 
RESISTOR 4.64K 1% ,125W F TCHO+~-100 24D 4G + 1/8-TO~ 4644 -F 


ABR GB 0493--0084 
ASRS? 8757-0274 
ASR4t 0683-1025 
ASR 42 0757-0407 
ABRAS 0698-3155 


~ovanw goNab 3 


RESISTOR 4.64K 1% .225W F TCe0+--100 24546 ~1/8-T0--4641 «F 
RESISTOR 14.7K 1% .125W F TC#9+--100 AAS 46 4-1 /B“TO- 1478-F 
RESISTOR 14,.7K 1% .125W © TO=04-106 RAS46 ~t/B-TO-1472-F 
RESISTOR 47 3% .26U FC TC=-4007+500 01121 CB4705 
RESISTOR 470 5% .25W FC TO=~400/+600 01121 CR4715 


ABR44 0499-3155 
ABR4S 0698~3156 
ASRAG 0698-3156 
ASR 47 0683-4705 
AZR4B 0683-4715 


eagnhk 


RESISTOR 10K S% .254 FC TO--400/+700 04421 CHA0SS 
RESISTOR SO0.1K 1% .125W F TC=0+-100 24546 04-1/8-T 0-301 2-F 
RESISTOR 4,99K 1% ,1285W F Te=0+-160 24046 04-1 /8-TO-AS ot -F 
RESISTOR 1K 3% .25W FC Tl=-400/4+600 01121 Chie 
RESISTOR 4.99% 1% .125W F TC=0+-100 24546 C44 /8-T0-4991-F 


ATRAP 0683-1035 
ASRI4 0757-0453 
ASRS 9699-3279 
AIRES 0663-1025 
ABRS7 0698-3279 


Sogone 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts 


Reference 
Designation 


ASRS 
ASRS 
ASREO 
ASO 

AIRE? 


ASRE3 
ABREA 
ASRO6 
A3R6? 
ASREB 


AIRGF 
A3R70 
ASR72 
ASRI3 
AIR 7b 


ABR 77 
AGR7E 
AAR7P 
ASRGO 
ASRBI 


AIR Be 
ASRBS 
ABRE4 
ASRS 
ABRBS 


63R 87 
A3R O08 
ASRIO 
ASR? 1 
ARIZ 


AIRS 

ASR 
AIK102 
ASRIOS 
ASR104 


ASR 106 
ASR1IO7 
ASRIOB 
ABR1N7 
ABRIL 


ASR112 
ABRAWG 
ASR114 
ASRS 
ABR116 


ASR 117 
A3R119 
ABRILP 
AIRL2G 
ABR124 


ASRIAZ 
ABRI23 
ASRISL 
ABRN133 
ABRIG4 


ABR 156 
ASR 157 
ASR 158 
ABRIS? 
ASRI60 


ASR164 


AST? 
AST2 


AIUA 
AZvU2 
ASUS 
ASUS 
ASUS 


A3U6 
ABU? 
ASUB 
ABUS 
A3U16 


HP Part 
Number 


0479-0192 
0683-1025 
2100-Faae 
0683-47905 
0757-0442 


06983156 
9699-4437 
0757-0436 
0698-4478 
2100-3207 


)698-3135 
049B-3497 
0683-4795 
0698-3442 
0683-4795 


0698-4402 
96704402 
9690-3279 
0690-3561 
0698-3581 


0757-0273 
0737-0273 
0757-0273 
0698-4402 
0698 S157 


0683-1025 
0683-2225 
0698-4402 
0698-4467 
06631025 


6693-4705 
0683-4715 
6757-0291 
0683-3325 
0757-0397 


0698-44235 
0698-3156 
0698-4037 
0757-9279 
0757-0279 


0757-0407 
098-3444 
0690-3444 
2100-0568 
07937-0381 


0698-3444 
b698-3444 
0757-0275 
0678-3440 
0757-0397 


0757-0397 
0757-0275 
0757-0397 
0683-1025 
0683-1025 


0683-1015 
0683-4705 
0698-3439 
0685-2225 
0757-0276 


0757-0276 


9100-4038 
06552-6044 


1820-1991 
1920-0629 
1620-0321 
1020-1199 
1320-0693 


1820-8683 
4820-1924 
1826-0043 
18929-1568 
1920-1195 


WHrerPep NVOWH 


ArRnoron DoWw 


2 
2 
0 
Q 
a 


a at on 


NS Natan outa ANF 


mith 


NOpot WewWor 


Table 6-3. Replaceable Parts 


Description 


RESIBTOR 3.894K 1% .125W F To=d4- 25 
RESISTOR 1K 54% .25W FO Tie 40074600 


STOR- TRAR 40K 10% C TOP ADJ 17-TRN 


TOR 47 5% 25h FC TC 4090/4560 
STOR 10K 1% 1254 F Toeda-100 


RESISTOR 14.74 1% .1@5W F To=GF~100 
“BISTOR 2, 94K (RSW PF TCed+-100 
TOR 4. 32K lAsu F TO=d+~ 10d 

STOR 10.7K .t25W F TC=t+-100 


17,8K 4 “ Ths)4~100 

TOR 6, G4K 1 2g Th=O+- 400 

OR AF S% z 40074508 
ESTSTOR 237 1% d+-100 

RESISTOR 47 5% 4990/ +500 


RESISTOR 97,6 4% .125W F 
RESISTOR 97,0 1%, r 
RESTSTOR 4.99K i: 
RESISTOR 14,7K 
RESISTOR 13.7K 


REGISTOR 3. 01K 
RESISTOR 3,91K 

3TOR 3.01% 

STOR 97,6 1% ,125W FT 
RESISTOR 19.6K 1% .125W F T! 


RESISTOR 1K 5% .25W FC TC#-400/4+600 
RESISTOR 2.2K 5% .2hW FC TOs ~400/+700 
RESISTOR 97,6 1% .125W F 

REGISTOR 1,05K 1% ,125W F T 

RESISTOR 1K S% .25W FC TCs-4007+600 


RESISTOR 47 9% 

RESISTOR 470 5% .2 

RESI8TOR 24.7 1% + 
RESISTOR 3.3K G% .2tiw FC “40074700 
RESISTOR 82,5 1% .125% F FC=0+-100 


RESISTOR 2.49% 1% .t25W F TC#0+-100 
TSTOR 14,.7K 1% ,ia5w F 
ISTOR 46.4 1% .425W F TC 
RESISTOR 3,16K 1% .t25W FT 
RESISTOR 3.1GK 1% .125W F TC=0+-100 


RESISTOR 200 1% .125W F TO=0+-100 
RESISTOR 316 1% .125W F 0-108 
RESISTOR 316 1% .125W F TO20+-140 
RESIGTOR-TRMR 100 10% C TOP-ADT 1-TRN 
RESISTOR 15 1% .125W F TC=0+ -100 


RESISTOR $16 1% .125W F Tled+-100 
RESISTOR 316 1% . 12% F 1 
RESISTOR 113 j 
ISTOR 196 
RESISTOR 68.1 1% ,125W F TO=0+-100 


RESISTOR 68.1 1% ,tehM F TC=04+-190 
REGISTOR 113 1% ,125W F TC=0+-100 

RESISTOR 68.1 1% .125W F TC=0+~109 
REGISTOR 1K S% .25W FC TC#-400/+600 
RESISTOR 1K SX .20W FC TC=-400/+600 


RESISTOR 199 5% .25W FO TCH-4007+500 
RESISTOR 47 5% .25u FC T 49974500 
RESISTOR 178 1% .125W F TC=Q+-100 
RESISTOR 2.2K 5% .25W FC TCs-400/¢700 
RESISTOR 61.9 1% .1230 F TCs 


RESISTOR 61.9 1% ,125W © TC=0+-100 


TRANSFORMER HEAD CORE; WITH CT PRI & SEC 


TRANS & TURNS 


IC CNTR TTL LS DECD DUAL 4-BIT 
IC FF FTL §& J-K NEG-EBGE-TRIG 
IC COMPARATOR GP TO--99 PKG 

INV TTL LS HEX 1 -TNP 

FF TTL S D-TYPE POS-EDGE--TRIG 


Caen 


INY TTL G HEX 1--INP 

INV TTL S HEX 

OP AMP GP TO? PKG 

BFR TTL LS HUS QUAD 

FF TIL LS D-TYPE POS-EDGIE -TRIG 


ePAanew 


2B4a0 
01101 
BAIR? 
01121 
PAGAG 


24546 
24546 
24346 
BASAS 
28430 


24546 
R4AGAL 
041724 
24BaS 
04121 


PAGAL 
24546 
2AGAG 
24546 
PAS 4G 


24546 

SAG 
24546 
R45 AG 
24546 


g1ie1 
01121 
e48 4G 
@ATAL 
Q1iat1 


G1424 
01121 
19761 
01121 
RASAG 


24546 
24546 


24546 
BATHS 


24946 
24546 
24546 


24546 
24S KO 
24546 
01121 
01121 


01121 
01121 
24546 
91121 
24546 


2AT 46 


28430 
28480 


01295 
18324 
SLS8S 
01295 
01295 


See introduction to this section for ordering information 


*Indicates factory selected value 


Replaceable Parts 


Mfr Part Number 


0499 D192 

CHI 025 

B290W- 1-103 
CB4709 

G41 /B-TO- 1002-F 


C4 178° F0° 14726F 
C4°1/8-T0-2941 
C4 V/B-TO4 S21 F 
C4- 4/8 T0- 10728 -F 
2100-3297 


C4 1/8 TH I 7B2 
4-4 /8-TH 6048 ~F 
CHATOS 

C4 LB Tie BAZAR 
Cb4705 


C4-1/B TO OTRO F 
C4-1/B-TO-9 PRG FP 
C4& 1/8-T0-4991-F 
C4°41/8-T6~1 “F 
CADRE TO" 1378 -F 


1/8~FO-301 4 


4 1/8 TO PARG 
~(/8-T0-1962 


CHI OAT 

CREL2S 

LAM TAB TOR PARE OF 
C4-1/8-TO-1051 
CE108S 


Cb470% 
CHATS 
HF 4CT/B-T0~2472-F 
C Pike 


Pe 
C4+1/B-TO-B2RS -F 
C4-1/8-T0-2491-F 


CA~1/B-TO-4 OR 
C4-1/8-TO-S1G61- F 
C4 1/8-TO-31410F 


C44 /8-TU- 204 -F 
CAs 1/8-T0-316 
C41 /B-TO-S16R =F 
2400-0968 
MPACK/B~-T0~ 15 0-F 


“1/8-TO- SION: F 
“1/8-TO-31OR oF 
1/6-T0~113R-F 
~1/B-TO 1 96R -F 
-4/8-T0-G8R 1-F 


“T/8-TO-OBR | -F 
1/B-T0-11 SRF 
“1/8-TO~68R 1-F 
C1085 
CHIR 


CLOG 
(184705 
C4 1/8-TO-1 7ER MF 
Cka22e5 
C41 /8- TO B19 2-F 


C4°1/8-T0-G1 9% 


9100-4038 
PBeie-6044 


ON74L S39 0N 
GN745172N 
SN72710L 
SN74LS04N 
GN74874N 


$N748 04N 
NATSSN 
CAZ07T 

8N7 41.91 25 AN 
SN74L.5175N 


Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Bevarenee Description Mfr Part Number 


ASULT 10260437 1 IC MULTIPLIER 14 DIP-C PKG 94713 MO149SL 
ABW12 . j 2 ID SWITCH ANLG @-DIP <P PICS o12a¢5 TLOO1CP 
ASULS . IC OP AMP LOW -BIAG-beIMPD DUAL G-DIP-P U1295 TLOZ2ACP 
ABUI4 “ a ba TRANGISTOR ARRAY 14-PIN PLGTOC DIP BL GOS CAS1O2E 
ASUTS bad & TRANSISTOR ARRAY 16-PIN PLSTC DIP BG3S CAI1 27 


ASU LE g TRANSIGTOR ARRAY @-PIN PLOTC DIP 28480 1858--0059 
ABU? 1 i Tt GATIC ECL NGR QUAD 2-TNP GA713 MC10162P 
AJU1B a 2 2 1f GATE TIL S NOR QUAD 2- INP 11295 GN7AS0EN 
ASIP a2 0 , IC FF JTL § J-K NEG -EDGE-TRIS 01295 GN745112N 
ASU B20--0¢ é iC OP AMP GP 8-DIP-F PKG 28460 1820-0216 


A3yt 0419-1115 CRYSTAL-GUARTZ 30,00050 MHZ 28480 9410-1415 


0360-1715 ¥ TERMINAL<“STUD SOL<PIN PRESS MT 28480 0360-1715 
34-0606 CONNES TOR-SGL CONT PIN 1.74-HiMt- BSG $Z SQ 28480 1251-0600 

3059-0080 WASHER-FI NM NO. S .13-IN-ID .25-IN-OD 20490 . 

7121-1234 LABEL CAUTION 1.925-IN-WD 2.24-IN-LG 28480 

B150-337% ] RESISTOR~ZERD OHMS 22 AWG LEAD DIA 28480 


OS325-66505 | ¢ KEY BOARD ABSEMBLY 28480 09325-66505 


0140-3647 CAPACITOR-FXD .OLUF +100-0% SOUDC CER 28480 9160-3847 
7 CAPACTTOR-FXD .01UF #109-0% SOVDC CER 28469 0160-3847 

347 CAPACTTOR-FXD .OUUF 4100--0% SOVDC CER 25480 0146-3847 
a180-d062 1 CAPACTTOR-FXD SOOUF F75-18% GYDC AL 28480 9180-0062 
01460-3847 CAPACTTOR-FXD ,O1UF +100-0% Savpe CER 28490 0140-3847 


01690-3847 9 CAPACITOR -FXD .O1UF +100-0% SoVDC CER 2B480 2160-3847 
016 847 CAPACITOR-FXD .OUUF +160-0% SOVDC CER 28480 1160" 3847 
9160°3847 CAPACITOR-FXD ,O1UF +100-6% SOVDC CER 28480 0160-3847 
0450-0018 CAPACITOR~FXD .O1UF 4+-20% 1KYDE CER CO023A1 0251 03N538 
0150-0022 CAPACTTOR-FXD .PIUF a-20% IKYDC CER God €023461027103M538 


LED-LANP LUM-INT=15MCD IFe2 a 5062-4658 
LED-LAMP LUM- INT ; = 29490 3092-4658 
LED~LAMP LUM~INT#15MCD LF =20MA~MAX 28480 5082-4658 
LED-LAMP LUM-INT=1MCD IP =20MA-MAX BURESY 28480 1990-0665 
LED-LAMP LUM-ENT=tMuCD IF =20KA~MAX 20480 19900665 


49900533 
4990-0533 
1990-0533 
1990-2665 
AGRE 1999-0665 


Gerad 


LED-LAMP LUM-INT#3 MED OMA~MAX a 28480 1970-0665 
LE MP LUM~INT=INCD OMA-MAX BYR= 20460 1990-0665 
LEDLAMP LUM“ZINT=T HCD BMA~MAX seb 28430 41990-0665 
LED-LAMP LUM-INF=1MCD IF=a0MA-MAX & 28400 1990-0665 
LED LAMP LUM-INT=1MCD TF 20MA MAX 28480 1970-0665 


ASCR? 1999-0665 
ASCRE 1990-0665 
ASCRI 1P90-0665 
ASCRLO 1990-0465 
ASCRY4 1990-0665 


LED-LAMP LUM-INT=1MCD [f= RVR =S 28460 1990-8665 
LED-LAMP LUM-INT=1MCD z 28.4230 1990-0465 
LED-LAMP LUM-INT#140D \ 280460 F990--0655 
LED~1.AMP “] ‘ 23480 1990-0665 
LED-LAMP LUM@INTs1 NCD : BYUR=SY 28486 19970-0605 


ASER12 1990-3665 
ATCR 1S 1990-0665 
AGUR14 1990-0668 
i) 15 1990-0665 
ASIORI6 1990-0665 


LED-LAMP {.UM~-TNT#15SMCD : 28480 $082-4658 
LED~LAMP LUM-IN } TF = 20MA~MAX ac4eo S082--4650 
LED“LAMP LUM-INT#(GMCD IF=20MA~MAX 28486 3682-4658 
LED~LAMP LUM-INTS15MCD 2OMA-MAX 28480 50982-4653 
LED-LAMP LUM-INT=1SMCD IF =20MA~MAX 28480 5682-4658 


ASCRI7 1990-0533 
ASICR18 1990-0933 
ASCRIP 1990-0833 
ASCR20 1990-9533 
ASCREA 1990-0533 


PoabeS WHY WK Adiuos 


LED-LAMP LL! i TPs 0MA-MAX 28400 GO B2-4658 
LED LAMP ; IF=20MA~MAX 28480 5082-46398 
LED-LAMP re IF =20MA~MAX 23480 3082-4699 
LED-LAMP rae $ 20MA~MAX 28480 5082-4658 


LED-LAMP LUM-INT=15MCD IF=20MA~MAX 284968 5082-46593 


ASCR22 1990-0533 
ASCR2S 199) 9533 
ASCRA4 1990-0533 
ASICR a5 1990-0533 
AGCRAG 1970-0533 


LED-LAMP LUM-INT=454CD) ~ 28480 9082-4658 
LED-LAMP LUM-INT=1MCD f BVReS5Y 28480 1990-0665 
LED=LAMP LUM-INT=1NED ‘ BYVR=5V 28480 1970-0665 
LED-LAMP LUM-INT=1MCD OMA~MAX BYRESY 29460 1990-0665 
LED~LAMP LUM-INT=1MCD IF =20MA-MAX BYR=SY 28480 1970-0665 


1996-0533 
1990-0665 
1990-0665 
1990-0665 
1990-0665 


NO ool p Padard 


ASCR 32 1990-0665 
a Bo 1799-0665 
AGORIA 1990-0465 
ASCRIS 1990-0665 
ASCR3I6 4990-0665 


LED~LAMP LUM“INT=1MCD IF=20MA~MAX BVR=SY 28430 1PTO—-8G65 
4 LUM INT= MED BYRSGV 28480 1990-0665 
LUM~INT=14CD IF BVRaSY 20480 VPP 00665 

LED-LAMP LUM *INT=1NCD 1 : BYR=5V 28480 1970-0665 
LED-LAMP LOM-INT=1MCD = Be BYR=SY 28480 1990-8465 


OF gH Gl oy ad 


12800-0473 SOCKET-IG 16-CONT DIP DIP-SLDR 28490 1200-0473 
KEY CAP LOKAL 28480 5041-8943 
KEYCAP “SMOKEP TPE 2e4ao 5041-0364 
KEYCAP~SMOKEP IPE 20480 30441-0384 
KEYCAP-SMOKEP IPE 28480 5041-0384 
KEY CAP-FREQ 28480 041-0918 


3041-0943 
5044-0394 
3041--0394 
5041-0384 
4941-0918 


KEY CAP-AMPTD 20480 5041-0919 
KEYCAP~-SMOKEP TPE 28480 5041-0384 
KEYCAP~SMOKEP IPE 28480 5041-0384 


KEYCAP~-SMOKEP IPE 23480 5041-93684 
KEY CAP-PHASE 23480 S04t~9920 


5041-0919 
9041-0384 
9041-0384 
HO 41-0984 
S041 -G920 


OP OOH NOtow oo 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts 


Reference 
Designation 


ASKS11 
KSLA 
ASKS13 
SKG14 
ASk 315 


ASKH16 
ASKS17 
ASKSIB 

Ses Bd 
ASKS20 


ASK322 
AuKS23 
ASKS24 
ASKS2S 


ASK GRE 


ASK S27 
ASK S29 
ASK S29 

SX 830 
ASKS31 


ASKS32 
ASK S35 
ASK 334 
ANKS3S 
ASKS 36 


ASK G37 
ASKSSB 
AGKS39 
ASKS40 
ASK S41 


ASK S42 
AUKS43 
ANKGSA 


ASL 


ASMP | 
AMPS 
SMP S 


Asai 
ASR 
ATAS 
AGA 
ATAS 


ASQ6 
ASQ?7 
ASaQg 


ASR L 
AGRA 
AGRI 
ASR4 

ORS 


ASRE 
ASR? 
ASR 
AGRE 
ASR10 


ABRIL 
ASR Iz 
IRIS 
ASR14 
ASRIS 


ASR1G 
ASR20 
ASR2ZI 
ATR22 
ASRS 


ASO 
hey 


HP Part 
Number 


5041-0921 
3041-0451 
3041-0987 
3041-0017 
3041-0818 


041-0916 
5041-0925 
041-0810 
5041-0814 
8041-0815 


5041-0926 
5041-0946 
5041-0611 
5041-0912 
$041 -0813 


041-0927 
5941-0759 
S04t-0a1? 
3041-0808 
041-0929 


3941-0928 
5041-0756 
3041-0756 
S041 O22 
3041-0922 


041-0318 
3041-0318 
SO41-0318 
3041-0318 
HO41-0318 


5041-04135 
3041-0285 
3041-0944 


91003354 


4040-1001 
4040-1307 
08995-40006 


1853-0016 
1853-0016 
1853-0016 
1953-0616 
1853-0016 


1BES - 0016 
1853-0016 
1833-0016 


H695~2205 
G6B3- 2205 
0683-22005 
04683-2205 
06835-2205 


0483-2205 


0683-1328 
0693-1325 
04831525 


N6HS-1325 
1910-0135 
LG1G-b164 
110-0164 
1810-0055 


060-9436 
5066-9436 
4060-9436 
5060-9436 
060-9436 


HOG0- PAS 
5060-9434 
5060-9456 
SO40-9436 
5060-9434 


roman 


Uwe aot COA ae wy OHuwewd 


Carrer BOTH 


bow 


fraN aw nN 


Table 6-3. Replaceable Parts 


Description 


KEY CAP-DCOFFGET 
KEYCAP--BLUEP LPI 
KEY CAP STORE 
KEY CAP-7 

KEY CAP-8 


KEY CAP~6& 

KEY CAP-MHZ VOLT 
KEY CAP RECALL 
KEY CAP~4 

KEY CAP-5 


KEY CAP-KHZ MY 
KEY CAP CLEAR 
KEY CAP-1 
KEY CAP -2 
KEY CAP-3 


KEY CAP -HZ VRMG 
KEY CAP~DAGSH 
KEY CAP 

KEY CAP PERIOD 
KEY CAP-SEC 


KEY CAP~DEG 
ARROW 
ARROW 
CAP~LEFT ARO 
CAP FT ARO 


CAP PTY GRAY 
CAP PTY GRAY 
CAP PTY GRAY 
CAP PTY GRAY 
CAP PTY GRAY 


KEYESP -ERONYP IPE 
KEYCAP -PEARIPIPE 
KEY CAP PWR 


INDUCTOR @5UK 10% ,3D 
STRIP -PLASTIC 


REFLECTOR 
LED ANN GD 


.28-IN-WD 01 -0N~THK 


TRANSISTOR PNP Sf 1O-92 
TRANGTSTOR PRP SY TH-92 

TOR PNP TO Pa 
TRANSISTOR PNP TO-92 
TRANSISTOR PNP JO-928 PH=300MM 


TO-92 Pls S00 
TO-92 PD=500MW 
TO -PA PHHESNOMW 


TRANSISTOR PNP § 
TRANSISTOR PNE 
TRANSISTOR PNP 


RESISTOR 4% .25W 7 400/500 
3% .e25W FO 40074500 

OEE 5% .25bl 4000/4580 
RESISTOR a4 aw 40075500 
RESISTOR 22 5% .25W 40074500 


RESISTOR 22 35% .25W 
RESISTOR 22 5% .25W F : 
RESISTOR 22 5% .25W Tc 
RESISTOR 3K 5% .25W 
RESISTOR 3K enw 


400/7+500 
~Ab0/+700 


RESISTOR 1,34 GA .25W 
RESISTOR 1,24 S4% .25W 
RESISTOR 1.3K 5% ,25W FC 
RESISTOR 1.34 GA ,25w 
RESISTOR 1.3K 4% .2tiW 


> Te=-400/74+700 
: 40074709 
2&-400/+700 
‘40907+709 
“40074700 


RESISTOR 1.3K 5% ,20W FC TOs 40074700 
WORK-RES O-GIP1G,0K OM XG 

NETWERK -RES 9 -GIP4, 7K OM X B 

NETWORK ~ ? STIP4,7K OHM X B 

NETWORK -REG &°SIP190,90K OHM X B 


PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHBUTTON SWIT 

PUSHRUTTON SWITCH 
PUSIIGUTTON SWE TCt 


MOUNT 
MOUNT 
MOUNT 
MOUNT 
MOUNT 


MOUNT 
MOUNT 


PUSHEMITTON SWITCH 
PUSHEUTTON SWITCH 
PUSHBUTTON SWITCH MOUNT 
PUSHREUTTON SYITCM MOUNT 
PUSHBUTTON SWITCH PLE. MOUNT 


20480 
260480 
28480 
28490 
26480 


28480 
28480 
28489 
284B9 
2a4a0 


23480 
23480 
28480 
29480 
284B0 


26.49 
28480 
2b400 
28480 
28430 


26480 
284389 
28480 
28400 
20400 


28480 
28460 
28400 
28480 
28480 


28489 
28461 
23480 


28460 


28480 
28480) 
2g480 


28480 
2B4B0 
28480 
28486 
2a400 


26400 
28490 
28480 


O11 
01124 
07121 
01124 
Oi4a4 


01124 
$1121 
011421 
61125 
01124 


Orie 
Q1iet 
01124 
hiier 
61121 


91121 
en4aad 
216387 
PAGS? 
28486 


28450 


268480 
28480 
20480 
284s 
2840 


See introduction to this section for ordering information 


*[ndicates factory selected value 


Replaceable Parts 


Mfr Part Number 


5041-0921 
5041-0454 
5041-0987 
5041-0817 
5041-0818 


4041-0816 
B041-0925 
5041-0810 
5041-0814 
3041-9815 


041-0926 
SO04t-0946 
5042-0812 
5041-0612 
5041-0813 


3041-0927 
5041-0758 
w041“0819 
3041-0608 
SAL - 1929 


5041-0928 


5941-0756 
041-0922 
3041-0922 


3044-0318 
H041-0318 
9041-0318 
8041-0318 
5041-9318 


3041-0416 
4041-0285 
5041-0944 


FING 3334 


4040-1001 
4040-1307 
OBS OS-40006 


$853 0016 


1853-0016 
TNVS-1016 
oS" OR16 


CHee OS 
CRE2 OS 


CHL Sa! 

CBR S28 
CBLGES 
TB1 S25 
Chl gas 


CHL Sah 

18)1 0-01.35 

CBP O9LO7-4725 
COP O9Ce?~-4725 
1810 005% 


SOGG- 9456 
5060-9436 
SVG 9436 
SNH O-9436 
5OAC-PASG 


5960-9436 
S060 -9436 
BAGO-9 446 
SOGN~ PASS 
OE0-9456 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts ®@ 


Reference 294 
Designation Description Mfr Part Number 


AS$14 5040-9436 
45512 060-9436 
AS313 5060-9436 
ASG1a 3960-9436 
ASSIS 5060-9436 


PUSHEVTTON SWITCH MOUNT R2B4B0 5060-9436 
PUSHBUTTON SWITCH >» MOUNT 28490 GVG0-9436 
PUSHBUTTON SWITCH « MOUNT 28480 8460-9436 
PUSHBUTTON SWITCH P. MOUNT 22480 3060-9436 
PUSHEUTTON SWITCH MOUNT 26400 5060-9436 


MOUNT 28486 3960-9436 
MOUNT 28460 060-9436 
MOUNT 20460 5060-9436 
MOUNT 28480 5060-94346 
MOUNT 20480 Sl60-9436 


PUSHGUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 


AGS16 060-9436 
ASH17 3040-9436 
65518 5060-9496 
AGL? 3060-9436 
A820 3060-9436 


MOUNT 29480 5060-9436 
MOUNT 298480 5060-9456 
. MOUNT 28480 S260-P7436 
MOUNT 28480 5060-9436 
MOUNT 28460 5060-9436 


PUSHBUTTON SWITCH 
PUSHBUTTON S#ITCH 
PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 


ASS21 3060-9436 
#4922 S069 P4I6 
45823 3260-9436 
5069-9436 
160-9436 


NNN ON NNN SONNY 


wT wT vyUISO 


MOUNT 28480 5049-9436 
MOUNT 2B4B0 5060-9436 
MOUNT 28490 50609436 
MGUNT 28480 5060-9436 
MOUNT 26480 5060-9436 


PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHRUTTON SYULTCH 


S8GO~FABS 
5960-9436 
S060--9 436 
5060-9436 
5960-9436 


 zwytyS 


MOUNT 28480 3060-9436 
MOUNT 20480 SOG0-9436 
MOUNT 28480 D060~-9436 
MOUNT 29490 5060-9434 
MOUNT 28-480 5060-9436 


PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHGUTTON SWITCH 
PUSHBUTTON SUITCH 
PUSHBUTTON SWITCH 


3069-9456 
AS8I2 5060-9438 
45833 5069-9436 
ADGI4 5060-9436 
ASS35 SQ6S-9436 


NNN NWN 
wD BU 


MOUNT 2940 5060-9436 
MOUNT 28480 2060-9436 
MOUNT 28480 5060“P436 
MOUNT 28480 Blb0-9436 
MOUNT 28480 5060-9436 


PUSHBUTTON SWITCH 
PUSHSZUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 
PUSHBUTTON SWITCH 


ASH 36 060-9436 
45357 5060-9436 
ABSIB 5060-9436 
45537 S060-9436 
ASB4O U66-9 435 


 wuwVeD 


MOUNT 28480 5960-9436 
MOUNT 28480 5060-9436 


PUSHBUTTON SWITCH ‘ 
. MOUNT 20480 5060-9436 


P 
PUSHBUTTON SWITCH P 
PUSHBUTTON SWITCH P 
SWITCH-PB DPDT ALTNG 


ASG41 Sl60~ 9436 
ASS 42 5060-9436 
ASh4d 5060-9436 
ASI44 3101-2441 


oan nanng oanon aonang 


5A 100VAC 20480 3101-8441 


IC INV TTL LB HEX 941295 SN74LS 05N 
TRANSISTOR ARRAY 14-PIN PLOT DIP 13696 ULN-2093A 
IG SHF-RGTR TTL 4.8 RS SERTAL“IN PRL~OUT 01293 SN74L8164N 
TRANSISTOR ARRAY 16-PIN PLSTC DIP 13606 ULN-2003A 
IC INV TTk LS HEX 01295 SN74LS05N 


ASU 18209-1206 
ASUe 185e-0047 
ASUS 1820-1433 
AGUA 4958-0047 
ASUS 1820-1200 


waAewR FYI NNN 


1C SHF-RGTR TTL LS R-G SCRIAL~IN PRI.-OUT 01295 SN74LS1646 
TRANSISTOR ARRAY 16-PIN PLSTC DIP 13606 ULN--20903A 
IC BFR TTL LS BUS QUAD 01295 SN7 41.81 25AN 
IC FE FTL LG D-TYPE POS-EDGE-TRIG COM 01295 SN74LS273N 
DISPLAY-NUM-SEG 1-CHAR .43~H 28400 SO82-7653 


ASUE 1920-1433 
ASUZ 1036-0047 
ASUS 1920-1568 
As? 1820-17350 
AGUIO 1990-0592 


Mn dae 


DISPLAY-NUN-SEG 1--CHAR .43-H 28480 
DISPLAY-NUM-SEG 1-CHAR .43—H 30400 
DIGPLAY“NUM-SEG 1-CHAR .43-H 28480 5082-7653 
DISPLAY-NUM-SEG 1-CHAR .43-H 20480 5082-7653 
DISPLAY-NUM-SEG 1-CHAR .AS<H 28490 S9BE-7 653 


ASU11 1990-0572 
AULA LFPO- S92 
AGUS 1LP9R-9592 
ASW 41990-95928 
ASUtS 1996-0592 


i oo og 


1-CHAR 1 43°H 20480 5082-7653 

g (GB -CHAR LAS tH 28480 5082-7653 
DIS G T-CHAR .43—H 20466 SOG2-7653 
DIGPLAY-NUM-SEG 1-CHAR .43-H 28480 §2-7653 
DISPLAY-NUM-SEG 1°CHAR .43-h 28490 5082-76535 


ASU16 19900592 
ASuUI? 4790-0592 
ASULA 1979-6592 
ASUL? 1990-9592 
AGU20 1999-0592 


ena 


BOCKET-IC 14-CONT DIP DIP~SLDR 2B4B89 1200-0638 
BOCKET-1C 14-CONT DIP DIP-SLDR 2840 1200-9638 
SOCKET-1C 14-CONT DIP DIP -SLDR 23480 4200-0638 
SOCKET-1C 14-CONT DIP DIf'-SLOR 289450 1200-0639 
BOCKET@1C 14-CONT DIP DIP -SLDR 28480 1200-0638 


ASX 0 1200-66238 
AVXULI 1200--0634 
ASKUL2 1208-0638 
ASXULS 1200-0638 
ASKUL4 1200 -9638 


NNNNW 


BOCKET$IC 14-CONT DIP DIP -SLDR 28480 1200-1638 
SOCKET-IC 14-CONT DIP DIP~-SLDR 480 1200-0638 
SOCKET-IC 14-CONT DIP DIP--SLOR eBags 1200-0636 
SOCKET-I1C 14-CONT DIP DIP.-SLDR 29480 1290-0638 
SOCKET-IC 14-CONT DIP DLP-SLDR 29489 1200--0638 


AEXWIS 1200-0638 
AGXU1G 1200-1638 
ABXUL7 1200-0638 
ASKULS 1200-0638 
ASXU19 1200-0638 
ASXUZ0 1200-0638 SOCKET-IG t4-CONT DIP -SLDR 2B4B0 1200-0638 

SCREU-TPE 4-40 .25<T > PAN-HD-POZT STL. ooced ORDER BY DESCRIPTION 
SLEEVING “FLEX .04-1D KEMA--3 ,019-WALL gooc0 ORDER BY DESCRIPTION 
WIREFORM CU BRT~TIN 20480 1469-1336 

LABEL CAUTION 1.925-IN-WD 2.24-IN-LG 28480. 7121-1234 

CUT JUMPER 29400 JUMPER 


0424-0227 
1890-0164 
4460-1336 
7121-1234 
JUMPER 


eMoraen YN NANI 


M6 03325 66506 | 3 2 CONTROL ASSEMELY 2b4oa 03325-66506 


A401 0460-6978 CAPACTTOR-FXD 1500PF +-1% GOOVDC MICA 26430 0460-0978 

AGC2 O160~3847 CAPACITOR -PXD .d1UF #109-0% SOVDC CER 28400 0160-3847 

AG03 0160-0337 rf CAPACITOR-FXD {GOPF #-1% 39GVDG MICA 28490 0169-0337 

AbC4 0160-0337 CAPACITOR<FXD 160PF +°1% 3O9VDC MICA 2b4ga 9169-0337 . 
A605 8160-3847 CAPACTTOR-FXD .01UF +100-0% SOYDC CER eB480 010-3847 & 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts 


Reference 
Designation 


AGC27 


AOC2B 
AGC29 
A6T30 
AGS 

ACID 


AGC SS 
AGCIA 
ALIS 
ALT36 
AGCI7 


AECSB 
Ab6039 
46040 
AGCAL 

Aacse 


AGE SS 
AbCS4 
A6CSS 
ACIS 
AGCS? 


HP Part 
Number 


hi Bd-d228 
8160-3347 
160+ 3847 
9160-4847 
0160-3847 


6160-3847 
2160-3D47 
1 160-3847 
0140-3847 
6160-3847 


0160-3847 
0460-3947 
0160-3947 
04 60-3947 
1369-3847 


0160-5847 
0160-3847 
6160-3047 
0190-2323 
0180-2823 


6180-1692 
0180-0692 
0166-2823 
G6 160-3047 
0160-2623 


O180-- 

$160- 3558 
81603559 
0140-3847 
0160-3847 


SV oe 


wwe 


ae Bo 


eV=Co 


wuvws 


Table 6-3. Replaceable Parts 


Description 


CAPAC I TOR-F XD 
CAPAC TTOR<F XD 
CAPAC TTOR -FXD 
CAPACTTOR-FXD 
CAPAC ILTOR-FXD 


CAPACITOR -FXD 
CAPACETOR-F XD 
CAaPACTTOR-FXD 
CAPACTTOR -F XD 
CAPACTTOR-FXD 


CAPACTTOR -F XD 
CAPACLTOR~F XD 
CAPAC ITOR-FXD 
CAPACTTOR« FXD 
CAPACTTOR-#XD 


CAPACTTOR-FXD 
CAPACTTOR~FXD 
CAPACTTOR--FXD 
CAPACITOR -FXD 
CAPACITOR FXO 


CAPACTTOR -FXD 
CAPAC ITOR~-FXD 
CAPACITOR -f XD 
CAPAC ITOR-FXD 
CAPACITOR -FXD 


CAPACITOR FX 
CAPAC ETOR-F XD 
CAPACITOR-FXD 
CAPACITOR “FXD 
CAPACTTORFXD 


G2UF+a"10% 1GVPC TA 
OLUF +100-0% SAUDE 
,OLUF $100-0% Sovdc 
SQGUUF £200-0% SOVDC 
JOLUF +108-0% Sivpc 


O1UF +100-0% SOVDC 
JOLUF 41 00-0% Sovor 
/O1UF #100-0% SOVRC 
OLUF 9100°-0% SOVDC 
,O1UF +100 0% SEVRC 


/O1UF 4100 -0% SOVDC 
.O1UF +100°0% Sovac 
O1UF +108-9% SOVDC 
SOLUF 4100-0% Sovde 
/O1WF 4100-0% S9¥de 


SOLUF 4100-024 SOVpe 
OTUF +400-0% SOYDE 
.O1UF +160 -0% Savane 
47 0UF FS0°10% 6, SVD 
A7QUFtSO-10% 6. 3VHC0 


229UF+50-10% SSYDC AL 
O20Ur+SI-10% JSVBC AL. 
470UF+50-19% 6, SVDE AL 
/O1UF 4100-0% SoVPC CER 
470UF+50-10% 6, 3YDC AL 


1OCOUF4+50-10% 14VDC Al. 
L1UF 4"20% SOVDC CER 
L1UF 420% SGYDC CER 
-O1UF #100°-5% SOYDC CER 
,OLUF +400°0% SOVOC CER 


GO2B9 
ee4agg 
28460 
anaso 
28-480 


28480 
20480 
28400 
28480 
ae4gg 


28490 
20469 
28480 
20480 
28489 


26490 
28488 
20480 
28490 
2a489 


89494 
00494 
28480 
26499 
283480 


28480 
284B0 
28409 
28480 
28490 


Replaceable Parts 


Mfr Part Number 


1S OD226X 901 Ske 


0140-5847 
0160-3847 
§160- 3847 
0160-3847 


160-3947 
0160-3847 
61460-3847 
0160-3847 
0140-3847 


0160-3847 
0160-3847 
0160-3847 
0160-3847 
9460-5947 


b140 3647 
C1H}-3047 
0140° 3847 
0180-2823 
0160. 282% 


SSVESL220 
BOVEGL2AL0 
0190-2823 
dt60-3847 
0180-2823 


0180-2024 
0460-355 


0160-3847 


26654 
2654 
26654 
23480 
28480 


ALSOYSV1IOORIO4Z 
@13CYSV100R1042 
2130Y5V100R1 042 
0160-2009 
0160-2009 


ALCTA 
ALCS? 
AGO 
AGCAl 

AGCE? 


0160-3622 
0160-342: 
0160 “3622 
0160-2009 
9160-2089 


CAPACITOR-FXD .1UF 180-20% 106VDC CER 
CAPACTTOR-FXD .4Uf +86-20% 100VDC CER 
CAPACITOR-FXD .1UF 10-20% 100VDC CER 
CAPACETOR-FXD GAOPR #-5% SOOVDC KITA 
CAPACITOR -F XD B20PF 4-S% S0RVDC MICA 


ww ODS 


28460 
28460 


0140-3558 
0460-3858 


AbCHS 
AOCOA 


6160-3558 
$1460-3558 


CAPACTTOR-FXD ,1UF +-20% TOYDC CER 
CAPACITOR-FXD .1UF 4-20% SOVDC CER 


we 


28486 
28480 
28480 
2B4H0 


1702-3155 
1761-0040 
1901-0040 
1901-0040 


A6CR1 
AECRE 
AGCR4 
AGERS 


1702-3153 
1P0i- 0040 
1901-0148 
1701-0040 


DIODE-ZNR 9,31 2% DO-3S 
DIODE -GWITCHING 30¥ SOMA 
DIQDE-SWITCHING JOY GOMA 
DIONE SWITCHING 39 SOMA 


we eH 


2H486 
28480 
28480 
2B4B9 
23480 


1200-0473 
1251-6567 
1851-6567 
1251-6567 
1200-0634 


AGS 1 1200-0473 
AbJ2 1251-6567 
AGSS 1251-6567 
A614 1231-6567 
AGT 1209--0634 


SOCKET-IC 16-CONT DIP DIP~-SLDR 
CONNECTOR 21-PIN M POST TYPE 
CONNECTOR 21-PIN M POST TYPE 
GONNECTOR 21 °PIN M POST TYPE 
SOCKET~LC 24-CONT DIP DIP-SLOR 


woo od 


2B4B0 
28480 
23480 


9100-2459 
9100-1637 
9100-3334 


AGLI PI00-2459 
AbL2 9100-1537 
ACLS 9100-3334 


INDUCTOR RF~CH -MLD 121UH 1% .166DX,3B5LE 
INDUCTOR RF-CH- MLD 120UH G% .166DX.385L6 
INDUCTOR 25UH 10% .3D 


bbs 


1205-0298 
0340-0564 
1268-0141 


28400 
284680 
28480 


AGMP 1 
AGE? 
AG6MP3 


1208-0298 
0340-9564 
1258-0141 


HEAT GINK PLSTC-PWR-CS 
INSULATOR-XSTR TRH GNDCT 
Connector-Shorting 


23486 4251-5750 


28480 1 A822 
20400 1251-42495 


AGBPS 1251~3750 
ASP 26 1251-4922 
AOPS2 LES 1-4245 


CONNECTOR 109-PIN M POST TYPE 
CONNECTOR 3-PiN M POST TYPE 
CONNECTOR 2-PIN M POST TYPE 


NON watt 


28480 
94713 


1954-0071 
2N3904 


TRANSISTOR NPN SI PD=300MW FT=200MH4Z 
TRANSISTOR NPN OI PDE 3Z50MW FT=300MHZ 


AGKT 1354-0071 
AGRZ 1854-0215 


=n 


28484 04978-8344 
aqi2t CH7E2S 
01121 CB4815 
O4iat C1835 
01121 CR1035 


RESISTOR 604K 1% .1254 F TC=0+-100 

RESISTOR 7,54 35% ,25W FO $C=-400/4709 
RESISTOR 6090 5% .25W FC Tle~490/4+609 
RESISTOR 10K 5% ,2@5W FC Te=-400/+700 
RESISTOR 10K 5% ,26W FC TO=-400/7+706 


AR 1 1OIB—-BS44 
AGR2 0683-7525 
AER 0699-6815 
AGRA 06835-1035 
AGRS 0483-1035 


ee ANS 


28460 
a4546 
24546 
25480 
01121 


1810-0055 
CA-t/9-T0-4991-F 
C4-1/8-T0-9531 -F 
1810-0076 

Chee 


NETWORK-RES 9-SIP10.0K OHM X 8B 
RESISTOR 4,.99K 1% .125W F Toed+-100 
RESISTOR 7.53K 1% ,125W F TC=04-100 
NETWORK-RES 9-GIP1,6% OHM X 8 
RESISTOR 1,8% 5% ,25W FC TC=-40072700 


AORG 1816-0055 
A&R? DEIR S279 
AORG 0678-4020 
ARE 1810-0076 
ARID $693-1825 


Nossa 


cop 94co7~ 
081035 
CkIa625 
CB3625 
208AS51 


91637 
dit21 
01121 
fiiel 
91121 


ARIS 
AGRA 
ARIS 
ASR 16 
AGRIZ 


NETUORK-RES 4~-GIP22.0 OKM X 3 
RESISTOR 10K 5% .@5W FE 1C=-400/4+709 
RESISTOR 3.6K 5% .25W FC T 

RESISTOR 3.6K 5% .25W FC TC=~400/+700 
NETWORK-RES 8-GIP3S0.8 GH xX 7 


1810-0140 
9683-1035 


Aww a 


1610-0225 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts @ 


Reference HP Part ae 
Designation | Number Description Mfr Part Number 


AGR1IB 19 oy NETWORK-RES 9 -SIP1D.9K OM X 8 4a0 10-0055 
AORVF fs ‘ R OR 1560 3% .aSW Po 4400/4600 G1iay 

AERZ0 3o] 1 10K Bx”. 409074706 aidad 

AOR2L S VGK 61K .t2a%GW F 4-25 20480 VORB bS1F 
KORA D699: -D107 AL7EK 1% .125h F TC . 28480 0679-0107 


AGRAI 0683-5115 E cP S10 5% ,25W FC Tos -400/+600 Olde 
AbRA4 0483 S115 STOR S13 5% 28! A00/ 1609 011421 
AGRAS GG8S~ 10455 LS 10K SK. ¥ 40074709 briat 
AGRLE 9483-1835 2 ; STOR 18K 5% 40072800 o1i2i 
AGRE 1810-0136 : NETWORK-RES 10 MULT Tek eS 294ad 


AGRSA THL0 0297 1 NETWORK-RES B-SIP4.3h OM X 7 20480 
AGERGI 0683~ 1035 RESISTOR 10K S% .25W FC 400/+700 Oibal 
AGRGA 0683-5115 ‘3 EBISTOR S10 S% .254 FC 4800/4600 61121 
ASRS Q683~-S 115 ESTSTOR S10 SA .25W FC se ADO 74600 O1121 


A694 3101-1626 GWITCH: TOL DIP ORKR-ASSY 72-14 .1A SYDC 28480 


Abi 1818-9702 ba TQ NMOS 32768 C32) ROM 450-NS 

AGUA 1818-0703 Th NMOS 32768 (32K) ROM 450-NG 2 si E, 
AGUS 1010--0734 IG NMOS 32769 (32K? ROM 450-N5 3 S55. 332 MAS 
Ab6U4 1948-0705 TG NMO3 32768 (32K) ROM 450°NS 3S S07 & SYP2332 MASKED 
AGUe }B20-4197 IC CATE TIL LS NAND QUAD 2-- INP §1293 SN74L.500N 


TC NMOS 4096 (AK) STAT RAM 450-NS 3-5 

TG FP TTL OS D< TYPE POS-EDGE-TRIG COM 5 

TC TIMER TTL MOND/ASTBL Q 3 

I MIGPROC NMOS 2baga 

TG DFR VTL LS NON@INY GCTL 27014 DMBILSYZN 


AGUS 1818-0438 
AGU? 1820-1195 
AGUB 1B26- 0166 
AbUP 1820-1691 
AGUID TB20-1 759 


SWoNa> 


IC NMOS £024 (1K) STAT RAM SOOU-NS 34035 AMP LIRAPE 
CC WHOS 1024 (1K) STAT RAM SO0-NS 34335 AM? LL2APC 
Te FF OTT. LS DATYPE POS -TRIG COM O1A95 SN74L9175N 
IC FF TTL LS D-TYPE POG-EDGE-TRIG COM 01295 SN74L.S174N 
IC INV TTL HEX OL aoe $N7 40 4N 


Abit 1919-0199 
A612 1818-0199 
A113 1820-4198 
AbUTA 4020-14196 
ASUIS 1820-0174 


Sones 


IC PCVR TTL LS S-TOG-LINE 3 -TNP 91295 SN74L9 ft SBN 
IC DCBR TIL LG 3 TO--LINE J-INP 61295 ON7 41.51 39N 
IC ENVY TTL G WEX 1-INP 91295 GN74504N 

IC BFR TTL LS NON-INV OOTL 27014 DMB 1LS?7N 
TO CNTR TTL LS BIN LP/DOWN SYNCHRO 91295 SN741.8193N 


AGUL6 1GAd~1216 
AGUI7 120-1216 
AGI 1620-9683 
AGUIG 1820-1759 
AGV2D 1BE De 1194 


eWoedw 


ASWA1 182-1194 IC CNTR TTL LS BIN UP/DOWN SYNCHRO HIAPS GN741..6193N 
AGLZ2 1820-1759 IC BFR TTL LS NON-INY OCTL 27014 DMBILBOZN 


AGUZS 4820-1197 IC GATE TTL LS NAND QUAD 2-INP 01299 GN741.S00N 
46024 1820-1208 x IC GATE TTL LS OR QUAD B~INP gravy SN7 4LS32N 
AGW25 1820-1216 IC. DCDR TTL. LG 4-TO-8-LINE 3-iNP 91295 ON7 41.51 SAN 


AGU26 1820-1759 ? TO BFR TTL. 483 NON-INY OCTL. 27914 DMBILGITZN 
AGW27 1820-1730 It FF TTL LS D-TYPE POS~ERGE~-TRIG COM 01295 EN7ZALGA73N 
HoUeo 1820-1759 Ic BFR TTL LS NGN-INY OCTL. 27014 RMBILSY7N 
AGM2F 1820-1433 & iC SHF-RGTR TTL LS RS SERTAL=IN PRL: OUT 01295 SN74L.S164N 
AGUSO 1820~1197 Ic GATE TTt. LS NAND QUAD 2~-INF 01295 SN74L500N 


ABUSI iC GATE TTL 1.5 OR QUAD 2:-INP 01295 ON74L532N 
AGUSA I Ic FF TTL LS D-TYPE POB~ E-TRIG CoM 01295 §N7 41.91 °75N 
AGUZS IC GATE TTL LS NAND QUAD 2-- INP O1295 SN741SO0ON 
AGUG4 4820-1112 3 IC FF TTL LS D-TYPE POS “EDGE “TRIG 01295 SN74L874AN 
AbU3S 1920-1568 It BFR TTL LS BUS QUAD D129 SN74LS1 25 AN 


AGUIG 1620--5684 ‘ Te INV TTL S HEX 1~INP 01293 SN74S05N 
AGN37 1820~-1975+ IC $N74LS165N 28480 1B20"1975+D 
A6U38 1820-1759 Ic BFR TTL 1G NON-INY DCTL 27014 DMBILSY7N 
AGUIP 4920-1144 IC GATE FTL LG NOR QUAD 2-INP 61295 GN74L.S02N 
AGU40 1f20-1199 IC INV TTL LS HEX 1-INP 01295 SN74LS04N 


AGUA 182612046 IC GATE TTL LS NOR TPL 3-INP 01295 SN74LG27N 
Abl4e 1920-1112 IC FF TTA. LS Oe TYPE POS~EDGE~-TRIG 81293 SN74LS7 44N 
AGUAS 41820-1873 IC BER TTL (8 INV OCTL 2@-INP 27014 DMGILSPSON 
HEWAS 1820-0477 IC OP AMP GP B-DIP-? PKG $0545 UP CIO 1 AC 
AbU45 120-1430 2 IG CNTR TTL LS BIN SYNCHRO POS-EDGE-TRIG OLL9S SN74LS916G1AN 


AGUAS L820 "1 97 IG GATE TTL LG NAND QUAD 2~-INP ARIS SN74L BORN 
AGUSI 1970-0444 és OPTG-ISOLATOR LEN-PPLO/XSTR IF ei 20496 6Nl tb 
AbUT2 1999-9577 ¢ OPTO-[SOLATOR LED-PDIG/XSTR I : 28480 S08e2-. 
AOUSZ 1990-0577 OPTO-TSOLATOR LED-PDIO/XSTR fT “ 29480 oo 
AGUS4 1990-0461 / z OPTO-ISOLATOR LED-IC GATE IF=1 94A-MAX 28480 3 


4355 
4364 


OPTO-ISOLATOR LER-1C GATE IF =10MA~MAX 23480 S002-4364 
BFR TTL WAND QUAD 2@-TNP B1A95 GN7435N 
> SHF-RGTR TTL LS R-S PRIL~IN PRL~OUT 01295 ON7 4L.9195AN 
SHF-RGTR TTL LS R-8 PRE“IN PRL -OUT 01275 SN74L8195AN 
SHF-RGTR TTL LS R-G& PRE«IN PRL-OUT O1295 SONZ7ALSIPGAN 


AGUS 1990-0461 
ASUES 1820~0621 
AbWS7 1820-1500 
A6USD 1820-13090 
AGUS? 1820-4300 


een 


IC SCHMITT~FRIG TT LS INV HEX t-TNP 61295 SN74L814N 
> LOH TTL LS QUAD 01295 SN74.G279N 
GATE TTL LS NAND QUAD 2-INP 01295 SN74LS00N 
SCHMITT-TRIG TTL LS INY HEX 1-TNP 04295 SN74LS14N 
Y FF TTL £S D-TYPE POS-EDGE TRIG 01295 SN74L.S740N 


AbUGD 1820-1416 
ASUEL 1820-1440 
AGUEZ 1820-1197 
AbGUES 1920-1416 
AGUbA 1820-1112 


anwany 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 
‘ 
Reference D Aer 
: , escription Mfr Part Number 

Designation P 

AHVES 1826-0144 6 Ic 7895 V RGLIR ToO~220 94713 MC7805CP 

AGUEE 1820-1558 & IC YART TTL QUAD 04713 MCIAALAP 

AGU67 1020-1558 6 If UART TTL QUAD 94713 MC34414P 

AbUSs 19320-4730 & IC FF TTL LS P-TYPE POS-EDGE-TRIG COM 012935 SN74L.S273N 

ALU? 1329-0621 2 IC BFR TTL. NAND &UAD 2° INP 01295 SN7430N 

AGUZO 1820-1197 9 IC GATE TTL LS NAND QUAD 2: INP $1295 SN74LS00N 

AGU71 1B20-1204 9 TC GATE TTL LS WAND DUAL 4~TNP 81295 SN74ALG2ZON 

AGU7E 4920-1197 9 IC GATE TTL £S NAND QUAD 2-INP 01295 SN74SOON 

A6U73 18201281 2 FCO DCDR TTL LS 2-TO-4-i.0NE DUAL 2-INP 21295 SN7ALB1 SIN 

BEU74a 1906-0098 7 DIODE-Fu BRDG 2N0V 24 94744 MDAROe 

AGUTZS: 2820-1199 TO INV TTL LS HEX TeINP 01295 SN74LS04N 

AGBV1 L979 D076 TUBE-ELECTRON SURGE VY PTCTR 28480 1970-0074 
B3G0-1716 é TERMINAL--STUD SGL~PIN PRESS-MTG 28489 B3G0-1 716 
0624-0227 SCREW-TPG 4-46 , N-LG PAN-HD-POZI STL oo0c6d ORDER BY DESCRIPTION 
0757 -0443 RESISTOR 11K 1% .125W F TC=04-160 24544 C4"1/B-T0- 11020 
1251-4484 ¢ CONNECTOR 4°PIN M POST TYPE 28490 1251-4404 
1460-1336 WIREFORM CU BRY-TIN 28480 1460-1356 
2190-0913 WASHER-LK HLGL NO. 4 .11%-IN-TD 204690 2120-0913 
2200-0143 SCREM-MACH 4-40 .375-IN-LG PAN-HD- POZT 28460 2200-0143 
2260-0001 4 NUT-HEX-DBL-CHAM 4-40-THD ,094-IN-THK 25480 2240-0084 
3050-6105 ¢ 4 WASHER-FL MTLO NO. 4 1 -IN-ID 20489 3050-0105 
3050-0446 2 WASHER~SHILDR NO. 4 ,115-IN-ID .2-IN-OD 28400 3050-9440 
7120-6712 LABEL “WARNING .SGeTN-WD 1-IN-LG MYLAR 28460 7120-6712 
7121-1234 LABEL-CAUTION 1.925-IN-WD 2.24-IN-LG 28480 7121-1234 

AaB 03325-66509 | 5 HIGH VOLTAGE QUTPLUT ASSEMBLY (OPT On2)> 28489 03325-64508 

ascl 1 “a CAPACITOR-FXD .O1IUF +80-26% 100VDC CER 26400 0160--2085 

ABoD 2055 CAPAC LTOR~F XD * 4¢80-20% 200VDC CER 28480 9160-2085 

ABCD i . é CAPAC TETOR-FXD FeSO-10% SQVDC AL 238430 010%-2803 

ABCs O1BR 2803 CAPACITOR ~F XD 60-29% SOVDC AL 28400 0180-2803 

ASS 0190-20282 a CAPACTTOR-FXO LOLA 4S0-10% GAVDG AL. 29460 0100-2822 

ADL = > TOUF @eS0—10% SOV AL 28490 

AaB? ry § 1OPF 45% SQGUDC CER 04-40 29400 

ALCS a PAG 1OPF +-5% SOOVPC CER Bt-6B 2B400 4 i 

Ase. 0160-3847 CAPACTTOR-FXD .01UF 4+4100-9% SAaVBC CER 23400 O1&0--3B47 

fib, ARCA 0160-2244 ‘ CAPACTIOR-FXD 3PF 4+-. 25PF SOUVDE CER 2B480 Q160-2244 


ABC I3 1160-2244 CAPACITGOR-FXD SPF +~,25PF Sd0UDE CER 29.480 0140-2844 
ABC14 O1G90-0210 CAPACTTOR-FXD 3, 3UF + -29% 15¥VDC TA n62B9 1S 00335xX0015A2 
ABCIS 6160-02 CAPACITOR-FXD 3, SUF 4-2 15VPC TA S428? LSODZ3SX00 1 GAL 
ABC 16 0160-35 CAPACKTTOR-FXD .1UF + ~Z SOVDC CER 28400 0160 -3558 
AICI? 6160-3558 CAPARITOR-FXD .1UF +#-20% SOVDC CER 26486 0160-3558 


ABC1B 0180-2825 K 2 CAPACITOR-FXD 22) HO -10% SOVDC AL 26480 2 
AbG2t 018 CAPACTITOR-FXD 2eur+59-10% FOVDC al 28430 30-2825 
ARl22 0160 nu CAPACTTGOR-FXD . - +-320% SOVDC CER 28480 
ACLS b16b CAPACTTOR-FXD +—20% SOIVOC CER avaga 
ABL24 DIGG SSE COPACTITOR=FXD .AUF +-20% SOVDC CER 28400 0160-3558 


ASC 25 0140-3558 CAPACTTOR-FXD .1UF +-20% SOVDC CER 28480 0160-3558 


ABER 1 2702-3205 3 3 TODE-ZNR 15Y 5% DO-35 Pb=,4W Tl=+.0%5 28480 1902-3205 
ANCR2 1902-3205 B E-ZNR 15V 5% DOSS PDs, 4W Tht. 057% apaae 1902-3205 
ARBORS 1991-0040 ES SWITCHING 304 SONA ONS DG-3S 28480 1761-9040 
AgC 1901-0640 I SWITCHING 304 SOMA @NS DO-35 20490 1901-0040 
AGLRS 1901-0046 PIOQDE-SWITCHING SOY SIMA 2NS NO-35 28480 1904-99040 


ABORSE 1902-3205 BIODE-ZNR 15V 5% DO-35 P 4 TCx+ 95) anago 1902-3205 
ABCR? 1Pile~ V244 1 DIBDE-Z2NR SIV BA PD=IW IReSvA 28480 1902-0244 
ACRE 1901-0049 DIODE SWITCHING 3OV SOMA @NG DO-35S 23460 1901-0040 
ABCRAL 1991-0040 DIODE SWITCHING 304 SOMA 2N5 DO-35 28480 FPO1- 0040 
ABCRI2 1901-6040 DIODE -SWETCHING 38 SOMA e DO~35 2bape 1701-0049 


ACER LS VIL 0049 DIODE -SWATCHING SY SIMA 2NE BS 2B480 1991-0940 
AQCRIA 1901-0040 BDE--SWITCHING 38V SOMA @NS DO-~-3u abaso 1704-0040 
ABLRIS 1701-0049 P< GWITCHING SOV SOMA A2NG DOSS 28480 4901-00-40 
ABCRLG 1901-0050 DIODE SWITCHING BOY SO0OMA ANS DO-35 28480 101-0050 
ABCRI7 19Ti- HOT a DIODE -SWITCHING BOY 200MA 2NS DO-35 28480 4901-0050 


ABIL 410+ 0343 FUSE .254 125V NPD .281X,093 2480 2L1G+034%3 


ABI2N L225 1~ 2969 A CONNECTOR-PHOND SINGLE PHONO JACK; DIP #8480 LES 2969 
ABT2L 1251--2969 3 CONNECTOR-PHONO SINGLE PHONO JACK; DIP 28490 125 t~- 2969 


AGMP 1 1220S 0298 g HEAT SINK PLSTC -PWR-ES 24nd 2 BARB 
AGMP2 eG HEAT SINK TO-S5/TO -39-CS 28400 205-0011 
ALMP 3 D240-0%4 : INGULATOR-XSTR THRM-CNDCT 28439 93540-0964 


AI | 1251-4246 3 CONNECTOR 3°PIN M POST TYPIL AB4ag 12514246 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts @ 


Reference HP Part are 
Designation | Number Description Mfr Part Number 


TRANSISTOR-DUAL NPN PD=75 0M 28480 1854-9475 
TRANSISTOR NPN SI j FT=300MNZ 94713 aNSSO4 
TRANSISTOR PNP SI FTR2S 0MHZ 23480 1853-0036 
TRANSISTOR PNP SI FT=200M4Z 28480 1853-0042 
TRANSISTOR NPN ST FT=30 8MHZ 04713 2NBITA 


AGRI 1854-0475 
ABZ 1894-0215 
ABQS 1B53~0036 
AGh4 1853-0042 
AgQs 1954-0215 


eon a 


ABAS 4054-0215 
ABA? 1953-0029 
AGAR 1853-0020 
ABQI1 1854-0215 
ASA1Z 1853-0042 


TRANSISTOR NPN SE FTA 3COMHZ 04713 ANSP04 
TRANSISTOR PNP SI FT=150MHZ 28480 a OO20 
TRANGISTOR PNP SI FT=156MHZ 28480 1853-0020 
TRANSISTOR NPN SI “ FT=300MHZ 04713 2N3904 
TRANGISTOR PNP ST FT=29¢MH2 28400 1933-0042 


Ovbpn 


TRANSIBTOR NPN SI PD=S5ONW FT&300MHZ 94713 2N3904 
TRANSISTOR NPN ST PH=15W FT=SOMHZ 04713 MIE223 
TRANGISTOR PNP GI PD@dGW FT =SOMHZ 04713 MIE2S3 


46013 1854-0215 
ABI4 1854-0692 
ABAIS 1953-0347 


na ee 


RESISTOR 4.99% #% ,125W F TC=0+~100 24S 4h C41 /9-T0 74991 -F 
RESIGTOR S1,1K 1% .125W € TC=04+-100 24546 C41 /8-TO-5112-F 
RESISTOR 1% A250 F Toe d+-100 BAGS C4-4/8-T0-2001-F 
RESTSTOR 1% 125M F TC=0+-100 24946 C4-1/8-T0-2001-F 
RESISTOR 5% .20W FC #0074508 g1121 CHa7ds 


ABR1I 0698-3279 
ABR2 0757-0458 
ABRI 0757-06283 
ABR4 9757-0283 
AGRE §693-4705 


RESISTGR 1:25W FC TC#-400/4+500 $1121 CB4705 

RESISTOR 4, 1% .1254 F TOs0+-100 24546 C4 A /BeTOAPP LHF 
RESISTOR 1% .125W F TC=0+-100 RAS46 C4--1/8-TO-1241-F 
RESISTOR 399 1% .125W F TOs§+-100 CAS 4G C4- 1/8-T0~309R-F 
REBISTOR 10K 64% .125W F Toad -25 28480 0698-6260 


AGRG 0683-4705 
AGRI 0698-3279 
AGRE 0678-3223 
AOR11 0698-4449 
ABRLA 0698-6369 


RESISTOR 10 1.1% .125W F TCad+-25 28490 06993-6360 
RESISTOR 402 1% .125W F FCHb+-160 24GAaG C4-1/8-T0~402R °F 
RESISTOR 403 1% .125W F TO<04-100 PASS C4-1/8-TU492R~F 
RESISTOR 190 5% .25W FO JC=-400/74500 Mii124 CB1IOIS 

RESISTOR 100 5% ,25W FC Toe-400/+506 brat CB1915 


ABR 1D 0698--6340 
ABKL4A 0678-4453 
ABRAS 0498-4433 
ABRI6 0683-1015 
ARIZ 083-1015 


RESISTOR 100K 5% .208 FO TOs-400/+000 01421 CB104S 
RESISTOR 3.01K 1% .123W F TC=0+~100 24546 04-4 /8-T0-3011-F 
RESISTOR 53.4K 1% .125W F TC=0+-100 aATAG C4 +1 /B~T 0 S562 F 
RESISTOR 3.01K 1% .125W F TCad+-100 24546 C4~ 1/8-T0-S0 14 F 
RESISTOR 47 5% .25W FO TC=-460/4+500 91121 CB47 05 


ABRIB 0683-1043 
ABR2I 0737-0273 
ABR22 06PH-4498 
AGRA 0757-0273 
ABR 24 0683-4795 


RESISTOR 47 5% .25W FC TCs--400/7+500 O11a1 CE470S 
RESISTOR 33 54 .25W FG Tl=-400/74+500 gii21 CB3305 
RESISTOR 33 5% .25W FC TC#-400/7+590 61124 CR330S 
RESISTOR 3.6 S% .25W FC TO=-400/4500 91421 CE3665 
RESISTOR 2K 1% .125W F TO=0+-106 24546 C4--1/8"TO~2901-F 


ABR AS 0493-4705 
ABR2E 0683-3305 
AGR27 0683-3305 
ABRRO 0683-- 0365 
ABRIL 0757-0283 


TaNnG BeyVvrea NvbPBr OMapono Ceevo 


RESTSTOR 200K 1% .12GW F TC#0+-100 2ASAG C4°1/8-TO-2003-F 
RESISTOR 200K 1% .125W F Test+~-106 AaGaG C4--1/9-T0-2003-F 
RESISTOR @K 1% .425W F TC=04+-186 24546 C4~1/B-TO-2001°F 
RESISTOR 3.6 5% .25W FC T 00/4500 g1i21 CHIO65 
RESISTOR 5.6 S% .25W FO Tl=~40074508 01121 CBOSS 


ABRSZ O757-G472 
ABRIZ 0757-0472 
ABRS4 0757-0283 
ABR IE 0683-6365 
ABRIS 0683~8565 


oot a 


“400 /4+500 o1iai CLS6GS 
“400/+500 o1121 CRez0S 


ABR 37 J 683-0565 
ABR 3E 0683-2205 


RESISTOR §.6 SA .25W FC TC 
RESISTOR 22 95% .25W FC TCs 


“uo 


DIODE-FW BRAG 290 cA 94713 MDASHE 
Ic V ROLTR TO-220 BA713 nC78M 
TC V RGLTR TO-220 C4713 MO7PLS 


ABUT 1906-0096 
ABL2 1B26~-B464 
AGUS $26~0214 


“aN 


CONNECTOR-SGL, CONT PIN 1,14-MM-BSE-SZ & 2B4B0 1251-0600 
WAST “LK INTL TNO. 4 .115-EN-ID ndaag 2190-9004 
SCREW-MACH 4°49 .5--IN@LG PAN-HD-POZT 20480 2266-0147 
NUT-HEX-DBL=-CHAM 4-40-THD .062-IN@ THK 28.400 2260-0002 
SCREW-MACH 6-32 .25--3N-LG PAN-ID-POZT ocn0g ORDER BY PRESCRIPTION 


1251-8600 
2190~0004 
2200-0147 
2260~00028 
2360-0113 


WASHER-FL MILO NO, S .128--IN-ID 20460 SBSO-I716 
LABEL-CAUTION 1.925-IN-WD 2.24 IN-LG 28480 7121-1234 


3059-0716 
7121-4234 


on wheto 


A? 03325-66509 1 CRYSTAL OVEN ASSEMELY (OPTION 061) 26480 C3525 -66599 


APCS B1BO- 0692 z CAPACITOR -FXD Z220UF 450-104 S5VEC Al DOAPA JEVESL2A2B 
AICe 0160-3847 CAPACITOR-FXD .Q1UF +100-0% SOVDC CER 23480 0149-3847 
ACS 6160-3847 CAPACTTOR-FXD .01UF #100°0% SOUDC CO 2B4B9 0160-3847 
APTA 0189-0693 CAPACITOR<-FXD 1000UF #50-10% 25VDC AL. 00494 25VGSL1000 


APTRI 1981-0049 is DIODE “PWR RECT 50¥ 750MA CO-29 28489 1901-6049 
AFTRA 1901+ B04P DIODE-PWR RECT SOV 750MA DO-29 2a400 1961-0049 
APERS 19he~-Hb49 rs DIODE--2NR 6,17) 5% DO-3S PD=, 4W 28480 1902-0049 
APE L 69609465 OSCILLATOR 1OMRZ anand 0960-0465 
ARI19 ABEL 299 CONNECTOR-PHONG SINGLE PHONO SACK; DIP 28480 1251-2769 


APMP 1 1205-daee HEAT SINK PLSTC-PYUR~CS 28.400 1205-0298 
A?MP 2 0340-0564 : INSULATGR-XSTR FHRM CNOCT 23480 0340-0564 


APPL 1251-4246 CONNECTOR 3-PIN M POST TYPE 23480 -ABAL 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


a 


Reference 


Designation 


APQIL 
Ache 


AYR 1 
APRE 
APRS 


(854-0053 
1053-0456 


0683-1025 


1683-1035 
0683-3525 


TRANSISTOR NP 
TRANSISTOR PN 


Description 


N Q2NA218 ST TO-S PD=Bo0MW 
P ST FO-220AB PD=GtW 


RESISTOR 1K S% 


RESISTOR 16 
REGISTGR 3.3K 


5% 
OK 


40674700 


“40074790 


04712 
b4713 


91124 
o112a4 
01121 


Mfr Part Number 


2N2216 
MIESZAK 


CEL O25 


CHIGSS 
CBIS2G 


Foe og bu 


APRA 0737-0290 RESISTOR 6.19 1% 


APRS Db7h- 3498 


FI 4-100 19761 


24546 


MP 401 /8-TO-6191-F 
C4°-1/8-T9~-866R-F 


A 
RESISTOR 8,46K 1% .12SW F Webe-190 


cre 


AIRE § 4983274 
AQR? 2100-3252 

APRB 0483-1645 
APRY NGOS BIS 


RESIGTOR 10% 1% .125W F TOs0+-25 
RESISTOR-TRMR 5k 10% C TOP-AD 
RESISTOR 100 5% .25W¥ FC 
RESISTOR Ok Sx .25W FC T 


20486 
28480 

01121 
91124 


0699-3274 
2100-3252 
CHi0+S 
cp20a5 


-400/7+500 
400/+700 


ma NOW 


APMUL 1820-0214 TC OP? AMP GP @-DIP-P PKG 28480 1820-0216 


V5 325 ~245 PC BD- BLK (22212) 28480 03325-26509 
Q19O-SILE 
2200-0103 
2200-9143 


WASHER<-LK BLOL NO. 4 .415 -IN-ID 
SCREW@MACH 4-40 .25-IN-LG PAN-HD-POZI 
SCREW-MACH 4-40 .375-IN@-LG PAN-HD-POZT 


28480 
28460 
2B480 


2190-0913 
2200-9103 
2200-0443 


2260-0001 
2260-0113 
3050-0105 
3050-0449 
3050-0604 


NUT~HEX-DBE-CHAM 4-40-THD .094~-IN-THK 
BSCREW-MACH 632 .25-IN-LG PAN-HD-POZT 
WASHER-FL MTG NO, 4 .1aS~IN- ID 
WASHER~SHLDR NO, 4 .115-IN-ID .2-IN-OD 
WASHER-FL. MTLOD 7/16 TN .G-IN-ID 


20460 
90006 
20490 
28480 
20486 


aAol~-b001 
ORDER BY DESCRIPTION 
3050-0105 
3050-0440 
SISd-0604 


FORD O7 1 
7121-1234 


WAGHER-FL MTLC NO. % .128-2N-LD 2B480 
LABEL-CAUTION 1.925-IN-WD 2.24-IN-LG 28480 


3N50-0716 
7121-1234 


Aal4 


A1401 
AL402 
al 403 


A14C4 


AL4E9 
A14C& 
A14C26 
AL4C27 
At4ces 


ALaAC29 
A14C31 
A1 4032 
A14C33 
414034 


AL4C35 
A1 4036 
A14C37 
414038 
A14CS9 


ALAA 
ALAC42 
A14T43 
ALAC 
A14cas 


#14046 
#14047 
414048 
A1L4C49 
A14C50 


A1L14061 
AL4C 62 
ALACES 
A14C65 
A1 4066 


A14E74 
ALAC?7 
A14078 
A1 401 01% 
AL14Cite 
A14C103 * 
AL14C1D4 
4140105 
A1AC107 
AT4C10B 
AL4C1NF 


A140110 
AL4aCi1t 
AL4C112 
ALAE113 
ALV4E114 


O3325-66514 


0190-1701 
0160-3560 
01 60-3647 


0160-4532 


O1B)- 1746 
0480-1746 
0160-3847 
0160-3847 
0160-3R47 


0160-4971 
9160-3847 
0160-3847 
0160-5466 
0140-4532 


9160-4571 
6160-0162 
0160-9162 
0160-3847 
0169-3847 


0160-4571 
9160-4571 
O160-4437 
9160-9128 
) 160-0120 


61460-5335 
0169-43947 
6160-9210 
0180-1746 
0169-4571 


0140-5306 


0168-4571 
0160-3847 
9160-3847 
0160-0145 
0160-2201 
0140-0217 

0160-3084 
9160-2306 
0140-0196 
0160-3847 
0160-3947 


0121-0105 
0160-2256 
01460-3847 
9160-36047 
0160-4532 


S 
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CAPAC TTOR~FXD 
CAPACTTOR-F XD 
CAPAC LTOR-FXD 


CAPACITOR--F Xb 


CAPACI TOR-F XD 
CAPACITOR--FXD 
CAPACETOR -F XD 
CAPACI TGR-FXD 
CAPACITOR -FXD 


CAPACITOR~FXD 
CAPACITOR -FXD 
CAPACTTOR--FXD 
CAPACITOR ~F XD 
CAPACITOR~FXD 


CAPAC ITOR-F XD 
CAPACITOR -F XD 
CAPACI TOR~-FXD 
CAPACTTOR—FXD 
CAPACITOR ~-FXD 


CAPACITOR--FXD 
CAPACITOR-FXD 
CAPACI TOR-FXD 
CAPACITOR ~-FXD 
CAPAC ITOR--FXD 


CAPACITOR “FXD 
CAaPACTTOR-FXD 


CAPACTTOR“FXD 2 


CAPACLTOR-FXD 
CAPACT TOR-F XD 


CAPACITOR -FXD 
CAPACITOR -FXD 
CAPACTTOR~FXD 
CAPACITOR FXD 
CAPACITOR -FXD 


CAPACITOR--F XD 
CAPAC ITOR-FXD 
CAPACI TOR-FXD 
CAPACTTOR-FXD 
CAPAC KTOR-F XD 
CAPACITOR-FXD 
CAPACT TOR -FXD 
CAPAGCITOR-FXD 
CAPACITOR-FXD 
CAPAC ITOR-F XD 
CAPACITOR -FXD 


CAPACITOR-Y 7 
CAPACLTOR--FXD 
CAPACITOR-FXD 
CAPACTTOR-FXD 
CAPAGTTOR-F XD 


TON 


&.GUF r-20% &YDC TA 
VUF 4-2% 10OVDC MET-POLYC 
-O1UF #100-0% FOVNC CER 


TOUGPF +-26% SVC CER 


1SUF+-10% 2BYDC TA 
15UF+-10% 20VpC TA 
»O1UF 4190°-6% SaYPC CER 
O1UF #190-0% SOVDC CER 
-OVUF +100--0% SRYDE CER 


/1UF +80~20% SOvbC CER 
»O1UF 4100-0% SAVE CER 
<GIUF #190-0% SOVDE CER 
1O0PF #-40% 1KVDC CER 
1OQOPF 4+-20% SOVDC CER 


»1UF 4B4O-29% SOYDC CER 
O22UF +-10% 200V0C0 POLYE 
/922UF + -10% 200VDC POLYE 
/O1UF +100-0% SOViC CER 
-O1UF 4100-0% SaVLC CER 


siUF +80-20% SOVDC CER 
V1UF 4B80-20% SOYDE CER 
-O1UF +-1% 1LO0VRC POLYSTY 
2.2UF 0% SOVDC CER 
2,QUF +-20% SOVDC CER 


10% LOOVDC MET-POLYE 
4100-8% SOVDC CER 

29% iSYDC TA 

1SUF4-10% 26VDC TA 

AUF 4+80-20% SOVDC CER 


AUF +-10% 1O0GVDC MET~POLYE 
1UF #-10% 100VDC MET-POLYE 
»1UF +-16% 100VDC 
IGE +-10% 1OOUDC 
1UF &-10% 1009DC 


»1UF 4+80-20% SOVDC CER 
.O1UF +100-0% SOVDE CER 
/OUWF +1090-0% SIVPC CER 
BEPF +-2% 100VDC MICA 
GIPF 4-3% 300VDC MICA 
140pF 300V 

GOPF +#+2% SO0VDC MICA 
Q7PF +-0% BOOVDC MICA 
150FPF +-5% SbOVDC MICA 


-O1UF +£09-0% 
/O1UF +100-0% 


RAR-CER D~S5PF 
S.1PF +-, 25Pr 
OLUF 4100-0% 
.O1UF +#100--0% 


SCOVBC CER 
SovaC CER 


200V PC-MTG 
SQOVDC CER 
SOVDC CER 
SOvpc CER 


PO00PF 4—-20% SOVDCG CER 


29490 


54agy 
28480 


56289 
28480 
20489 
28480 


29484 
228489 
28480 
28480 
28486 


20460 
#8480 
20460 
28460 
20480 


28436 
28480 
84414 
28489 
26400 


29480 
28480 
56289 
$6289 
294090 


28496 
20489 
28480 
28480 
28480 


25480 
25488 
28409 
28480 
20490 
28480 

29480 
28480 
72136 
Bago 
28480 


$2763 
238.480 
28489 
28480 
23480 


See introduction to this section for ordering information 
*Indicates factory selected value 


03325-66514 


1SO0D6BSX0006A2 
0169-3560 
0160-3847 


0160+ 4532 


15D 1S6X9 0202 
LGOD1S6x9datha 
0160-3847 
0160-3847 
0160-3B47 


0160-4571 
0160-3847 
0140-3847 
0160-3456 
0140-4532 


9160-4574 
9160-9162 
0160-0142 
9160-3947 
0160-3847 


0160-4571 
0160-4571 
BO3UN 

0160-0128 
9160-6129 


9160-5335 
0160-3847 
LSODSISXO01SA2 
150D154xX9 02082 
0160--4571 


0160-5335 
0160-5335 
0160-5306 
0160-5306 
01640~5306 


0149-45714 
0160-3847 
9160-3847 
0160-0145 
0169-2204 
0140-0217 
0160-3004 
0160 -2306 
PMLGFIS1IOSCCWV1ICR 
0140-3847 
G140-3847 


304524 9/ SUPE NGTO 
0168-2250 
0160-3847 
0140-3847 
0160-4532 
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Replaceable Parts 


Reference 
Designation 


A140116 
A14C117 
414014160 
AL4ci1? 
AL40121 


AL4C0122 
AL4C124 
ALACI26 
A140127 
AL4Ci28 


AL4C129 
4140130 
A140131 
4140132 
A140133 


4140134 
At4ci3ss 
AL4C156 
#140137 
4140138 


A14&C139 
AL4AC141 
A14aAC142 
4140143 
A140144 


4140203 
A140205 
A14C208 
A14C209 
A14C211 


A14C212 
4140213 
A14c214 
4140217 
4140218 


A140219 
4140229 
ALAC221 
AL4C222 
A14€223 


A140224 
4140225 
A140226 
A1 40227 
AL14C228 


ALAN 229 
Al4Caso 
ALAC2S1 
A14C2a2 
A14C2gs 


A140234 
ALAC23S 
AIACZSO 
At 4C230 
ALACL3P 


8140246 
6146241 
A14Ca42 
ALACBAAS 
A1 40244 


A14C260 
A14C261 
4140262 
AL 4C263 
8140264 


AL4OR1 
AL4CR2 
A14CRS 
ALSTRA 
ALACRS 


AL4CRG 
ALACR? 
ALACR7G 
AL4CR1 91 
A14CR102 
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HP Part 
Number 


6160-3847 
0160-3847 
0180-1746 
H1B0-1746 
0160-2847 


0160-3847 
0160-0299 
0160-3847 
0160-3847 
0160-3847 


9160-3847 
0160-2240 
1160-3847 
0140-3847 
0160-2299 


1603847 
0160-2249 
0160-3598 
0160-4571 
0160~4571 


0160-3847 
0160-4571 
0160-0156 
0160-0301 
0169-2414 


0140-3047 
0168-3466 
0160-3847 
0160 -3847 
0160-4847 


8140-3847 
0160-4932 
0160-4532 
0121-0452 
6140-4571 


0188-1746 
0160-4571 
0160-3847 
0160-2250 
0160-3947 


b1i60-3847 
4160-3947 
9160-2240 
0160-3847 
0160-3847 


0160-3847 
0168-3847 
0180-1746 
0160-4571 
0180-9216 


0169-3847 
6160-3847 
1160-3466 
O160-2055 
0160-4571 


0160--3466 
0160-3847 
0140-3847 
0180-1746 
8180-1746 


0168-4571 
0160-4571 
9140-4571 
0190-1746 
0168-4571 


£902--0041 
1901-0040 
1991-0040 
17901-0050 
1902~3345 


1901-0050 
1901-6050 
1904-0049 
1901-0040 
1901-9040 
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Table 6-3. Replaceable Parts 


Description 


CAPACTITOR-¥ XD 
CAPACTTOR-FXD 
CAPACTTOR 


CAPACITOR «FF XD 


CAPACTTOR-F AD 
CAPACTTOR 

CAPACITOR F XD 
CAPAC LTOR -FXD 
CAPALTVOR-FXD 


CAPACITOR-FXD 
CAPAC LTOR-FXD 
CAPACTTOR<F XD 
CAPAC ITOR-FXD 
CAPACI TOR-FXD 


CAPACT TOR -FXD 
CAPACLTOR- F XD 
CAPACTTOR-FXD 
CAPACITOR -F XD 
CAPACITOR FXO 


CAPACT TOR -FXD 
CAPACI TOR-FXD 
CAPACITOR -F AD 
CAPACTTOR FAD 
CAP ACTTOR-FXD 


CAPACITOR -FXD 
CAPACITOR -FXD 
CAPAC ITOR-FXD 
CAPACTTOR-FXD 
CAPACTTOR~FXD 


CAPACITOR~F XD 
CAPACI TOR-FXO 
CAPACITOR -FXD 


OLVF 44109 9% SOVOG 
»GCLUF +100—-0% SAVDC 
{BUF -10% 2HUDE TS 
1SUF +104 ZONK TA 
LO1UF 4100°9% SOVEC 


O1UF 4100°6% Sovde 
1B00PF #-10% 2D0YDE POLY 
SO1UF 4190--0% SOVDC CER 
/O1UF 4100-0% SOVDE CER 
,OWUF 4100-0% Savoc CER 


SUF +100-0% SOVDG Ck 
apr +-,25PF 590VDC CER 
.OAUF #106-0% Savnc CER 
(Q1UF 4190~8% SOVHC CER 
S,1PF 4+-,25PF SOOVDC CER 


.O1UF #100-0% SAUDE CER 
apr orm, aSPF SOGVDC CER 
iUF +680-20% SOVDC CER 

s1UF *B0-20% SOVPC CER 
+10F +80-28% SAVDC CER 


O1UF 4108-0% SVC CER 
-TUF +60-20% SOVDC CER 
SPOOPF +-419% 20aVD0 POLYE 
O12UF +-10% 200YDC POLYE 
SOAQUF #-S% 200VDC POLY 


/GTUF +400-0% SOVBC CER 
1B0PF 

O10 

/SLUF +100-0% SOVBC 
O1UF +400--04% SOVDC 


CLUE 4100-8% S09DC 
1Q00PF +-20% SAVDC CER 
1000PF 4+-20% SOVDEC CER 


CAPACLTOR-V TRMR-AIR 1,3-5.4PF 175¥ 


CAPACITOR ~F XD 


CAPACTTOR~FAD 
CAPACITOR -F XD 
CAPACITOR -FXD 
CAPACITOR -FXD 
CAP ACTTOR--FXD 


CAPACITOR~F XD 
CAPACITOR-FXD 
CAPACLTOR--FXD 
CAPACTTOR-FXD 
CAPACTTOR~F XD 


CAPACT TOR -FXD 
CAPACTTOR-FXD 
CAPACTTOR-FXD 
CAPACITOR -FXD 
CAPACITOR~ FXD 


CAPACTTOR-F XD 
CAPACITOR =F XD 
CAPACITOR~FXD 
CAPACTTOR “FAD 
CAPACI TOR-F XD 


CAPACITOR -FXD 
CAPACITOR-FXD 
GCAPACTTOR-FXD 
CAPACITOR -# XD 
CAPAGITOR~FXD 


CAPACTTOR--FXD 
CAPACITOR-FXD 
CAPACITOR -FXD 
CAPACITOR~FXAD 
CAPACITOR -FXD 


DIODE-ZNR 5,14 
DICDE-~-SWIT CHING 
DIGDE~SWITCHING 
DIODE -~SWITCHING 
RIGDE-ZNR 51,1 


DIGDE -SWITCHING 
DLODE~SWITCHING 
DIODE-SWITCHING 
DINDE-SWITCHING 
DIODE -SWITCHING 


LTUF +80-20% SOVDC CER 


TSUFH-10% 20VDC TA 

StUF 4+89-20% SOVDC CER 
.O1UF +100-0% SAVDC CER 
S.1PF +-,25PF S00VDC CER 
,O1UF +109-0% SOYVDC CER 


<BIUF 4190-9% GOVDC CER 
-O1UF 4100-0% FOVPC CER 
@PF +~,25PF SOOVDC CER 
TLUF 4190-0% FOVRC CER 
-O1UF 4100-6% SOVDC CER 


/O2UF +100-0% SOVPC CER 
-OUUF 44108-9% SOYVDC CER 
1SUF+-10% 20VDC TA 

»1UF 489-86% SOVUDC CER 

B,3Ue + 20% 1SVDC TA 


<DIUF 4100-8% SOVDC CER 
»O1UF 4160-02 SVC CER 
ANOPF #-10% 1KVDC CER 
sO1UF 4+80-26% 100VDC CER 
L1UF 480-20% SOVDE CER 


1C0PF +-10% 1KVDC CER 
,OVUF +£09-0% SOUDC CER 
/O1UF +100-0% Seve CER 
1SUF+-10% 20VC TA 
1SUF+-10% 20VPC TA 


.1UF +80-20% SOYVDC CER 
.1UF +80-20% SOVDC CER 
<1UF +80-20% SOVDC CER 
1EUF+-10% 20VbC TA 

sAUF +80-20% SOVDC CER 


$4 DO-3e PD. 4 
BOY SOMA 2NG DO-35 
ZV SOMA 2NS DO-3S 
GOV 200MA 2NS DO-35 
5% DO-35 PD=.4U 


80V 208MA Z2NS NO-35 
@0Y 200MA @NS DO~35 
36Y SONA 2NG DO-3S 
30¥ SOMA 2MS DbO-35 
Sov SOMA 2NS bO-3S 


28 480 
28480 
Se2Q09 
5L299 
e84Ba 


agago 
eBb480 
284an 
28489 
28480 


23480 
28400 
23485 
an4ad 
23489 


a94at 
20480 
20460 
28480 
20430 


Re480 
28460 
20480 
23400 
23480 


20450 
2480 
28430 
ag4so 
204a0 


28480 
28400 
284B9 
74970 
28430 


5a2ar 
28409 
20460 
28499 
28480 


28400 
aaaan 
28480 
28480 
28480 


28480 
2848) 


$6289 


28490 
28490 
28480 
234080 
28486 


23480 
23480 
2340 
56289 
Hoag 


2B480 
28480 
20480 
3on8? 
28430 


20480 
20480 
29460 
2b4a) 
28489 


29480 
28468 
28480 
28480 
28409 


See introduction to this section for ordering information 
*Indicates factory selected value 


Replaceable Parts 


Mfr Part Number 


9169~3B47 
b160-3847 
LSOD1S6XP9020R2 
LSND 1SOXF OLN 
0160-3847 


Vial 3947 
0169-0299 
0166-3847 
0149-3847 
0169-3047 


0160-3847 
0160-2240 
9160-3847 
9140-3847 
9160-2250 


0160-3847 
D169 R240 
0140-3508 
8169-4571 
0160:-4571 


0149-3847 
O160-4571 
0169-0156 
0160-0301 
8160-2414 


0160-3847 
6160-3466 
0160-3847 
0160-3647 
8160-3847 


9160-3047 


ma] 


1S0D156x90A0B2 
0160-4571 
01466-3847 
0160-2250 
8160-3847 


47 
0146-3847 
0160-2240 
0160-3847 
0149-3047 


0169-3847 
9160-3847 
1S0P1S4X902 ne 
0160-4571 
LTODSISXIGLGAS 


0169 -3847 
0160-3847 
6168-3466 
0160-2055 
0140-4571 


9160-3446 
0160-3847 
0140-3847 
159D4 56X90 2062 
ASOD1IS6X90A0h2 


9160-4571 
0160-4571 
0160-4571 
t5ODIS6EXPTA02 
9160-4574 


1992-9941 
1991-0040 
1901-90460 
17901-0050 
1902-3345 


41904-0959 
1701-0050 
41901-0040 
1701-0040 
17014-0940 


Replaceable Parts Replaceable Parts 


® Table 6-3. Replaceable Parts 


HP Part 


Reference c 
Number jD 


Designation 


Description Mfr Part Number 


A14CRi NS 1991-0049 DIQDE-SUITCHING 35¥ GOMA 2@NB DO~3s 23488 1901-0040 
ALACRIG4 1901-0040 DIODE~SWITCHING 30V SONA ONS DO-35 28499 1901-0040 
ALTACR108 1791-0040 DIODE~SWITCHING 30V SOWA @NG DO-3S 26460 1791-0040 
A14CR107 1901-0040 DIGNE-SWITCHING 30V SOMA 2NS 00-35 294680 1901-9040 


ALACRI OB 1901-0535 DIODE-SM SIG SCHOTTKY 2g4e80 VFI OSS 


ALACRIOD 1901-0535 DIOQDE-SM Sits SCHOTTKY 28486 4901-9535 
ALACRI10 1701-0040 DIGDE “SWITCHING JOV SOMA 2NS DO-35 28480 1901-0040 
ALACRAIL1 1901-0040 DIGDE~SWITCHING 30 SOMA 2NS DO-35 26499 1901-0040 
ALACR205 1902-0632 DIODE-ZNR 1NSSS1B 14V 54 PheGW Tle+75% 94713 INS351B 


BoeeVy wenn 


ALACRENB 19ht-G040 DIODE-SWITCHING SOY SOMA 2NS DO~-35 28450 1901-0040 


ALACR2ZAIP 4901—D040 1 DIODE-SWITCHING 304 SOMA 2NS DO-35 28400 1792-0040 
A1 4CR210 1901-0049 1 ITCHING 30V SOMA ENS DO-35 20480 1901-0046 
AL14CR241 1901-0050 3 ITCHING BOY 200MA 2NS DO-35 26480 1791-0050 
ALACR212 1901-0050 3 DIODE-SWITCHING BOY 200NA ANS DO-3S 28480 1901-0050 
AL4SCRE13 1902-3149 9 DIODE--ZNR 9.99 BL DO-3S PH=. aw 28480 1902-3149 


ALACR214 1902-3030 ? DIOBE~-ZNR 3.01V 54% DO-~7 PD#.4y TCs. 067% ab4a8 2" 3050 
A14CRE18 1902-0631 a DIGDE -2NR 1N53518 14 5% PDeSwW Tl=+752% 04713 INS3S71H 

Al ACR217 1901-0048 1 DiODE-SUITCHING 304 SOMA eNS DO-3S 20480 1981-0040 
ALACRBLY 1901-0040 1 DIODE -SWITCHING 30V SOMA 2NS DO-35 28480 1901-9040 
Al 4tre2o 1901~0049 1 DIGDE--SUTTCHING 30V¥ SOMA 2NS DO-35 20480 1961-0040 


AL4CR224 SWITCHING 30Y SOMA 2NS bO-35 26480 1901-0040 


1701-9049 DIODE 


1904-6535 SIG SCHOTTKY 26480 1901-0535 
2901-0835 SIS SCHOTTKY 2B490 190 OSS 


DLIODE-SM SIG SCHOTTKY 28400 1961-0535 
DIBPE- GM GIG SCHOTTKY 41701-0535 


1901-0535 
4901-0535 


QqQuvvuve 


ALACRE2S 


FUSE .254 1254 NTD .2B1X.095 2 2110-0343 
FUSE .25A 189V NTD .281X.093 ; 2110 -0343 
FUSE .25@ 125 NTD .281X.093 ae E110 1343 
FUSE .125A 125V .281X,093 2110-0301 


ALAFI 
ALSFe 
ALAFS 
AL4aF4 


2110-0545 
10-0343 
2110-0343 
2110-0301 


et 


AL4s1 8159-0005 RESISTOR -ZERO OHMS 22 AWG LEAD DIA 28490 9159-0005 


A1432 1251-2969 B CONNECTOR -PHONG SINGLE PHONO JACK; DIP 28480 1251-2969 
A1as4 12 8 CONNECTOR-PHGNG SINGLE PHONO Jack; DIP 264o0 
ALaTS 1251-2969 B CONNECTOR-PHONG SINGLE PHONG JACK; DIP 29480 
AL4I6 1251-6567 CONNEGTGR 21-PIN ™ POST TYPE 28489 


ALas? CONNECTOR PHONG SINGLE PHONG JACK; DIP 20400 


A14si2 CONNECTOR~PHONO SINGLE PHONO JACK; DIP 28480 

A] AL4AIIS CONNECTOR- PHONG SINGLE PHONG JACK; DIP 20480 

3 A1L4I14 5 CONNECTOR-PHONG SINGLE PHONO JACK; DIP 23480 

ALal23 1251-2969 CONNECTOR-PHONG SINGLE PHONG JACK; DIP 28480 
A14424 1251-2969 CONNECTOR-FHOND SINGLE PHONO JACK; DIf 2848 l 
ALas25 OGL 2969 CONNECTOR-PHONG SINGLE PHONO TACK; DIP 
AL4AISO 1251-5064 JOR 14-PIN M POST TYPE 
A14I31 1258-0141 JUMPER - REM é 2258-0141 


814126 SIO A791 1 TNDUETOR 290NH 20% ,23DX.375L6 2849 Fr00-1791 
A1lA4lL27 9100 4791 1 INDUCTOR 290NH 20% .23DX,373L6 9100-1794 
ALAL7G PAV 1794 1 INDUCTOR 290NH 20% .23DX,.375L6 PilO-1791 
ALAL77 9100-1791 1 INDUCTOR 27 0NH 20% SOX. 37516 23498 F100 -1791 
ALAL7E 9100-1791 1 INDUCTOR 290NH 20% ,23DX.375L6 20480 PLOG 1791 


ALALZS P1LOO-1791 1 INDUCTOR 2YONIt 20% .23DK.375L6 23499 F100-1794 
A14L80 9100-0539 a INDUCTOR (MISC ITEM) 28486 2100-0539 
ALS OL 9140-9456 7 INPUCTOR RF-CH-MLD 470NH 2% .166DX. 365.6 28466 9140-0456 
4141102 7140-0456 7 INDUCTOR RE@CH-MLD 470NK 2% .166DXK, 365.6 28460 91400456 
AL4L103 9100-2486 3 INDUCTOR RF-CH- MLD 33ONH SZ .166DX. 3B5L6 28489 9100-2486 


A141.104 F100 1422 7 INDUCTOR RE-CH-WLD Q4UH 5% .146DX, 3856 29460 9100~ 1622 
AL40105 FLIG- 1628 3 INDUCTOR RE-CH-MLD 43UH SY. 166DX. 3851.6 268480 9100-1628 
AL4L201 PL00-1791 1 INDUCTOR 290NH 26% ,23DX. 570.6 20400 veel ten Waal 
ALAL2OS F170- 0894 8 CORE SHIELDING READ 84Bb0 FITO-0394 
AL4L204 9170-3894 Q CGORE-SHIELDING BCAD 28480 F170 0894 


A1aat te5S-0092 4 TRANSISTOR J-F N-CHAN D- MODE TO-18 ST 26480 

A14ge 1158-0406 4 TRANSISTOR J- P-CHAN D- MODE SI Beas v 

61403 1054-0692 8 TRANSISTOR NPN ST PD=tGW FTGRMHZ 64713 MIEORS 
41404 1655-0406 4 TRANSISTOR FFE P-CHAN D-MODE ST SALg3 Tire 
Ar4oes 1835-9410 0 TRANSISTOR J-FET Ne CHAN D-MODE TO-19 ST 20480 18h5-0410 


TRANSISTOR PNP ST PDsShoMb FT=1590MH2Z 28480 
TRANSISTOR PNP D2 TH-22 PD= Mid 28489 


A14026 
ALAgQ2? 


1853-9020 
ag “0956 


4 
8 

A1 AN2B 1054-0215 1 TRANSISTOR NPN ST PD=S5OKW FT=300MHZ 04713 PNIFO4 

14040 1GS8 0065 bi TRANSISTOR ARRAY $4-PIN PLOTE DIP SLEGS CAS O2E 

Al 4Q50 1858-0047 a TRANSISTOR ARRAY 16-PIN PLOTC DIP 13606 UL 20 034 


a 7S MHZ 28.480 1854-0087 


FRANGESTOR NPN SY PD=3G0MW FT 


AL4Q76 1334: 0087 


AL 40104 NPN GT TO°92 PHsGannw GA71S MP SHO 
AL4QL DE PRP 6] Pb=d00MW GOMAZ G4713 PH4209 
A) 40103 PRP 2N4917 ST PD=200hW G7 263 AMAP17 


AL4Q104 1854-9404 NPN SJ TO-16 PD=260hW 28480 1854-0404 


ALAQIOS 1854-8215 TRANSISTOR NPN ST PD#35CMu Fre s00MHZ 147195 ANS9C4 


4140106 135-4 «0360 9 TRANSISTOR NPN ST DARL PR= 313MM 04713 MPS O12 

Ay 4107 1854-0215 1 TRANSISTOR NPM SI PD=350My FT=300MBZ 94713 ON SPO4 

ALIQLIB 1853-0083 9 TRANSISTOR: DUAL PNP PR=aGOTMYW 20480 1853-0083 
N AL4aR1O9 18%3-008% TRANGISTOR- DUAL PNP FD=60 0K 20480 1853-0083 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts @ 


e aca 
Desanation Description Mfr Part Number 


A14Qii2 1854-0314 
A14Q113 1854-0546 
A149114 1854-0215 
A14Q116 1853-0066 
A14Q117 1893-0066 


TRANSISTOR NPN GI PD=S1iBMW FT=200Mf«Z 28490 1854-0314 
TRANSISTOR NPN SI DARL PD=210Mv 94713 MPS ate 
TRANSISTOR NPN SI PD=3950KW FT=300MHZ B4713 23904 
TRANSISTOR PNP GL TO-92 PDe25Mu 20480 1853-8666 
TRANSISTOR PNP SI 10-92 PD é25hW 28460 1653-0068 


agar 


TRANGISTOR J-FET N-GAN D-MODE St 28409 4955-9081 
TRANSISTOR NPN SI DARL PD=310MW 04713 MPS Aiz 
TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2NSF7 04 
TRANSISTOR NPN 2N3B66 SI TO-39 PD=iW BLESS ENZBHSE 
TRANSISTOR NPN SI TO-92 PDG25hMW 04713 MPSHA0 


A14Q118 1855-0081 
A14Q119 1854-0560 
4140201 1854-0215 
A14Q203 1954-0233 
a1 40204 1954-0795 


Noe we 


TRANSISTOR NPN ST PD=330MW FT=30 9MHZ 04713 ANSP 04 
TRANSIGTOR NPN 2N3066 81 TO~39 FD=iW SLAs 2NS866 
TRANSISTUR NPN SL PD#3SOMW FT=300HHZ 04713 ANSI 04 
TRANGISTGOR PNP Sl FO-39 PD«GW FT=S0GMHZ 64713 MM4019 
TRANGTSTOR-DUAL NPN PD=Z60KW 28480 1854--0357 


A14Q206 1054-0215 
A148207 1994-0233 
4140208 1954-0215 
#148209 1853-0440 
ALAR219 1854-9357 


NM aos 


TRANSISTOR PNP ST TO-?2 Pb=625Mu 4713 MP SHOAL 
TRANSISTOR PNP ST PD=ZiNMW FT=250MHzZ 28480 1853-0036 
TRANSISTOR PNP Si TO-39 PD=SW FT=S0OMHZ 94713 MM4019 
TRANSISTOR PNP SI PD=300HW SdMEZ 2B490 1853-0020 
TRANSISTOR NPN GL PD=S50MW FT=3004HZ 04713 BNGIO4 


Ai4hei1 1853-0448 
4149212 1653-0036 
A1 48213 1953-0440 
A14Q214 1853-0020 
Atag21% 1054-0215 


eanne 


TRANGISTOR NPN 2N3G66A BI TO-39 PD=SwW 4713 EN3BGGA 
TRANSISTOR PNP SY TO-39 PD=5u FT=S00MHZ 04713 MM4016 


A140216 1854-9784 
A149219 4853-0440 


ws 


RESISTOR 4,64K 1% .125W F TO=04-108 24546 C4-1/8"T0 
RESISTOR 6,01K 1% .125W FT e400 24546 C44 /8°TB 
SISTOR 2.2K 5% .25 FC TC=~400/+700 o112% Cuee2s 

TSTOR-TRAR 58K 10% C TOP-ADI 1~TRN 28480 2100-3253 


A1ARS 0698-3185 
ALARS 
ALARS 
ALAR 
ALAR? 


& 


bad we 


RESISTOR 793K 1% .25W F TC#d4-100 2B480 9678-4817 


RESISTOR 9.455" 1.1% .125W F a Ba ey 197601 MF AC1/8-T9-945SR -B 
RESISTOR 391 1% .120W : 245 4G C4--4/B-TO-BOLR-F 
RESISTOR 361 1% ,125W F BAGAG C4-1/8-T0"30 1 RF 
RESISTOR 2.2K 5% .25W F 3 3 91121 Che225 

RESISTOR 2,2 5% .25W FC TOs~490/+700 g11a1 Chea25 


ALA4ARS 0698-7850 
ALARP 0757-0410 
ALARI1 0797-0410 
AL4R26 16935-2225 
A14R27 0683~2225 


RESISTOR 2.2K 54% .25W FC 7 00/+709 9112) Chaze5 
RESISTOR 2.2K 5% .25W FC * -400/+700 §1121 Che225 
RESISTOR 10K 5% .25W FC T 40074708 gii2i CB1935 
RESISTOR 10K 5% .26W FC TC=-400/4+700 1121 CR1O35 
RESISTOR 1K 5% .28W FC TC=-400/4+600 61121 CB1025 


AL4R20 9683~2225 
A14R29 0683-2225 
AL4RS1 2683-1933 
A1ARZ2 0683-1035 
AL4RIS hOGS~1025 


WeeAo Woe 


RESISTOR SOK 5% .25W FO TC=-$00/4806 91121 CHS635 
RESISTOR 22K Sh .25W FO T 4097+B00 o1i21 Che235 
RESISTOR 2.2K 94% .a5W FO TOs f Piet CR2225 
RESISTOR 13.2K 1% .125W F T + 12704 HFAC1/8~T0~-1352-F 
RESISTOR 10K 1% .125W F TC#04+~100 245-46 C4--1/8-T0- 1002-F 


AL4ARI4 0685-5635 
AL4IR GS 0683-2235 
61 AR37 0683-2225 
AL4R30 6757-0287 
ALARS9 0757-0442 


Co WG 


RESISTOR~TRMR 100K 40% C TOP-ADJ 1-TRN 204B0 2100-3214 
RESISTOR 13.3K 1% .123W F TC=d4+-100 19701 MF ACL /B~-TO 1 SS8F 
RESISTOR 10.2K .1% .125M F TO=0+4+-25 28480 0679-0124 
RESISTOR 10K 1% .125W F TC*O+-100 PASAG C4-1/8-T6~100 
RESISTOR 8,25K 1% .125W F TC#0+-108 24546 C4 -1/8-T 0-825 


ALAR40 2100-3214 
ALARA 0757-6289 
1 4R42 0699-91284 
1 4R43 0757-9442 
ALAR 44 0737-0441 


RESISTOR 47 5% .25u FC T 4007+500 Oiiat CHh4705 
RESISTOR 1K 3% .@5W FC T 400/41600 61421 CRIES 
RESISTOR 22M 5% ,25W4 FC T P0O7*1200 64121 CkHe265 
RESISTOR 4.7K S% .28W FO TC= 4900/6700 01421 CH47ES 
RESISTOR S.11K 1% .1258 F FO=0+-100 24546 C41 /B8-Th S11 iF 


ALAR 4S 0683-4705 
ALARAG N683~ 1925 
AL4R47 0683-2265 
At4R46 693-4725 
#1 AR4D 0757-0438 


RESISTOR 2,2K G4 .25W FC T= 4090/4709 91121 CHee2ed 

RESISTOR 3.16K 1% .125W F TC=94--100 2AGAS C401/8-TO FL 61-F 
RESISTOR 5.11K (4% .125W F Tlat4-100 24546 04 -1/8-T0-5111-F 
RESISTOR 1.5% .1% .120W¥ F TOsd4-25 29480 CEP 6347 
RESISTOR 156K .S% .125W F TGete-30 28480 0678-6936 


AI4RSO 0695-2225 
H1 ARS1 0757-0279 
A14R52 0737 -0430 
AL 4RS3 06986347 
ALARGA 0678-6936 


RESISTOR 1K 1% .125W F TC# 2A546 C4-1/8-TO- 1061 -F 
RESISTOR 20K 14 .1a5W F Tf BASAG C4 -1/8-T0- 2002 F 
RESISTOR 2.05 1% 1250 F T 3 aG4aed 0699-0121 
RESISTOR 4,8K .1% .125W F T p25 28.460 04279-01282 
RESISTOR 100 5% .25W FC TCs-400/74+508 Qvt21 CBPO15 


A14RS5 0757-0280 
AL4RSG 0757-0449 
A14RS7 0699-0121 
AL4RSB 8699-0122 
&14R60 0683-1015 


RESISTOR 1K S% .25wW FC T 4000/1609 dale. CHIO25 
RESISTOR 100 5% .25W FC TC=-400/+500 61424 Chios 
RESISTOR 1K 542 .25W "CT. 400/+600 Or1at C81 025 
RESISTOR 1K 9% 250 Fe T 40074406 pital CBLOS 
REGISTOR 100 5% .25W FG TO=<-400/+500 fiieadi CEi015 


AL4R61 §683-1 025 
#1 4R62 06831015 
AL4aR G3 06Gs -1025 
A14R64 0693-1025 
ALAR GS 063-1015 


NVVNVW NON SD NVNBOoN me wet DWONS 


RESTSTOR 1K SX ,20W FC TC -409/7+600 01124 CWiGeS 
RESISTOR 1K %% .2o 400/4600 917421 O81 025 
RESISTOR 100 5%. °C 40074500 O1421 CB1915 
RESISTOR 10K 5% . me : gidat C8135 
RESISTOR 2,2" 5% TCs : Viet Cka2e5 


AL4R67 0683-1085 
ALAR 0683-1025 
A1 ARS? 0683-1015 
AL4R76 NEBS—1 FIG 
RLAR77 NGBI— LAG 


GeNwv 


AL4R7B 0683-1025 y ZSISTOR IK 5% .25W FC F 400/7609 G1421 Chi 02% 

ALAROOL 0683-2215 ij 220 8% .25u FC TOe-400/+600 G1121 Cheris 

AL4RFO0 OBS 2225 : FOR 2.7K S% bO/+700 01121 CRE225 

A14R101 0693-2225 RESISTOR Qilieat ae 

ALARII2 0603-4705 RESISTOR 47 SK .25W FC TC eS 91121 : @ 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


& Table 6-3. Replaceable Parts 


Reference 


Designation 


BU4R103 
AL4SR1O4 
AL4R 195 
ALARIDG 
ALAR LI? 


ALAR 108 
ALAR? 
AL4R110 
Alavi 
AL4R112 


ALARLLS 
ALAR114 
ALARI16 
ALARIL?7 
ALAR116 


AL4R119 
ALARAPL 
AL4R22 
ATARIT23 
AL4R{24 


AL4RI26 
€14R127 
AL4R120 
ALARLA9 
AI IRASD 


AL4R151 
AL4R132 
A14R133 
AL4R134 
&14R136 


AL4R137 
ACARI 
ALAR LSP 
ALARA 
ALAR142 


ALARI4S 
ALARVAS 
A1 48145 
AL4R146 
ALARTA7 


AL4R 148 
ALARLAD 
AL4R151 
AL4R1Se 
ALARISS 


ALAR154 
AL4R ISG 
ALARIS? 
AL4RISB 
AARIS? 


AL4R160 
A14R161 

A14R162 
AL4R1ES 
AL4SR164 


A14R166 
A14R 146 
ALAR? 
ALaR208 
AL4R2097 


A14R211 
A1L4R212 
AL4R214 
@14R215 
ALAR216 


A14R217 
A14R2i8 
A1L4R220 
AL4R221 
ALAR228 


ATAR22S 
A1 4R224 
AL4R226 
AL 4R229 
ALARB29 


0757-02723 
N7S7~ 0283 


0698" 4427 
0757 D4Z20 
0683-2 

0683- a 
06BS—7505 


0757 -NeAd 
0698-6317 
9690 -6317 
0698-4123 
0698-4123 


069 6320 
We98~6320 


1678 6320 
G698-6360 


279 


2100-3212 


1757-0279 
069-3177 
0695-4795 
0797 3438 
0698-3557 


0757-0286 
0757-0260 
0499-4453 
2100-3409 


0698-4037 
N6978-3279 
0683-4705 
0698-3277 
0757-0442 


Vb9B~-6617 
0698-6360 
0698 -8607 
0699-0123 
NGOS--1035 


04683-4795 
0683-1035 
0683-47905 
0757-0449 
0757-0449 


8693-1055 
0757-0273 
6690 4473 
0683-3935 
0693-4382 


07357-0401 
0603-6815 
0H93-1015 
V757 -b438 
0757-0438 


0689-4735 
0683-19025 
06B3—-1025 
0683-1035 
0463-2235 


1693-2235 
0603-2205 
0757-040% 
0698-6320 
0683-4705 


685-4705 
0757-0276 
8757-0437 
0757-0405 
0683-2205 


SeeonnN GK PEwakorm SNaes 


acute 


boot) Nwuervo 


“VOTO Voehoo 


roo e 


uo 


ro 


a 


a od > Uanrtao 


Men Na RPrewt 


RESTSTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESLSTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESTSTOR 
RESISTOR 
RESISTOR 
RESISTOR 
REST&ETOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
REST STOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESESTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR~ 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESTSTOR 
RESISTOR 
RESISTOR 
RESTSTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


RESISTOR 
RESISTOR 
RESISTOR 
RESTSTOR 
RESISTGR 


RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 
RESISTOR 


REGISTOR 
RESISTOR 
REGISTOR 
RESISTOR 
RESISTOR 


Description 


%.91K 
eK 1 
75 1% 
156 3% 
99,7 1 


1,65K 

75) 1% 
2,2k 9 
2.2K 5 


7S 3% 


VK 1% 


% .e5W FC TC 


1% .t26W F TO#0+--100 
125W F Jo=G+~-100 
.125W FT +-100 

asW FC 40074600 
% 25H F TCHd+~10F 


1% .18GW F TO=0+~-106 
V25W FF Toed+-100 
00/4766 
% .25W FC Tle-400/+700 
.aSu FC TC 40074509 


125W F Te=o0+-100 


SCG 11% 2cW F TC#0+~ 


S00 11 
499 1% 
APP 1% 


2. 49K 
2,2ak 3% 


a. TH d+ 25 
-125W F ToO+-190 
/128W F Tos b+-190 


1% 128i F Toad 100 
% .@oW FC TC+-400/4+790 


10K 141% .1PEW F TO=04+-285 


cK 1% 
SK Lh 


SK 1x 


128M FE T0s04—25 
£125W F TC=0+~25 


129 


19K .1% 


F.GK . 
4 POK 


“TRMR 2 


3. 16K 
2.55K 
47 3% 
5.41K 
B06 1% 


402 1% 
TRMR 2 


1% # 
14 SMF TlHO+-106 
60 10% C TOP-ADT 1-TRA 


1% .1R5W F TC=O+-100 
YH 125M F TO=04-109 
.25U FO TC -400/+590 
1X .12@5W F TC#0+~-100 
125W F TO=d+-100 


125W F Tod+-100 
25U F TC=01-100 
25W F TCd+-106 
125M F TC=0+-180 

0 10% © TOP-ADI 1-TRN 


46,4 1% ,125W F TO=0+-100 


4 POK 
47 5K 
4IPK 
10K 1% 


1% .125W F TC=04+-100 

125 FC TC=~400/7+506 

1% .125W F TGs04-100 
1250 F FO=0+-100 


15K 11% .125W F tC=d+-25 
19K .1% .185W F TO=0+-25 


4.5K , 
6. 75K 
LOK S% 


47 5% 
10K 5% 
47 SX 
20K 1% 
20K 1% 


1M SZ 
3. 01K 
7.7K 
SOK SAH 
we. 4 


100 1% 
680 5% 
160 5% 
S.1ik 
$.41K 


ATK 3% 
1K SK 
1K 3% 
10 5% 


A2K GA 


22K 5K 
22 5% 
100 1% 
SK aK 
47 3% 


A? Sh 
61.9 1 
4, 75K 
162 1% 
a2 3% 


1% .125W F TCeb4+-25 
(4% ,125W F To=H04+-25 
,25W FC TC=-400/74+708 


L25U FC Tle 40074908 
.a5W FC T 40/4798 
.258 FC TOs -400/4+500 
1250 F TC=0+-100 
125 F TOro+~-106 


25 FC Tl=-8007 0900 
1% ,125W F TC#$+~-100 
1% 125 F Teet+-100 

PSU FC Tos-400/4800 
% ABSW F Ted 109 


1A5W FT ~100 

<25W FC T 4907+600 

,25W FO TC=-400/+500 
1% ,1e5W F To-0+-108 
1% .125W F TC=O+-100 


25 FG TC=-400/+809 
»25W FC TC 10/+600 
254 FC TC 00/+600 

125W FC T 400/+768 

123M FC TC=-40074800 


25H FC TC=--400/74+800 
.25W FO TC=-49074530 
125M F TCet+-100 
12GW F TC#04+-25 
/2SW FG Toe $00/4+590 


.25W FC TGs-400/7+500 
% 1850 F Tosd+-100 
1% .125W F TO=0+-100 
(1254 F TO=d+~190 
25m FC T0=-400/4+500 


24546 
244 
24546 
01121 
BASAL 


RAGAS 
RADSG 
G112t 
02124 


BASAG 
RADA 


24546 
011421 
23466 
O3BE8 
03888 


03888 
2c4B0 
03660 
2AT4E 
26499 


24546 
24546 
o1121 
24546 
2ATAS 


24546 
24546 
24546 
24546 
28480 


24AG AG 
24546 
@1121 
24546 
24546 


234830 
28400 
28490 
28400 
$1421 


e1121 
94121 
01121 
PABAG 
2ASAG 


04124 
a4546 
93868 
01121 
BAS46 


24546 
91121 
e112t 
PATAb 
24546 


91121 
O1121 
01121 
aitei 
04121 


041421 
011421 
2AS4G 
93888 
01121 


01121 
2ASAG 
24546 
24546 
01121 


See introduction to this section for ordering information 
*Indicates factory selected value 


Mfr Part Number 


C44 /8- TO BOLT oF 
C4-1/8-T0~2001- 
C4-1/8-T0-75R 0 “F 
CHISIS 
C4e1/B-TO-9OR9 


CA 4 /B-T091 OF 
C4 1/B-T0-751 -F 
cBae2s 
cB222% 
eH7505 


C4:°1/8-TO0-1004-F 
PMESS--1/70°-F9--S00R-B 
PMS -1/8-T? HOORsB 
C4-1/8-T 0-49 9OR-F 
C4-1/8-T0-49PR oF 


4-1 /8-T0~-2491-F 
CER2eZ5 

0498-6369 

PMESS -1/8-T?~5001~B 
PMESS-1/8-19--S001-B 


PHESS—1/8-T9 “GOV 1H 
0698-6360 
PRESS-1/8-T9-9901~-B 
CA1/8-TU-AP FL HF 
2100-2212 


C4--$/8-T0-3161-F 
£4-1/8-T0-2551 
CL4a70S 
C4°1/B8-TO-Si11~-F 
C4- 1/8-TO BO GR~F 


C4-1/8- TOL RF 
04-1/8-T0-1004-F 
C4-1/8~T3-1001-F 
C4-1/8-T0-402R-F 
2100-3409 


C41 /9-T DB AGR AMF 
C44 /8~T0-4971 ~F 
Ch4a705 

04-1/8-T0-4991-F 
C4-1/8-T0-t0028—-F 


9696-6619 
0690-6360 
bH9B-B607 
0699-0125 
CB1035 


C4705 
CH033 
CB4705 
C4-1/B-T0-20028-F 
C4~1/0-T0~2002-F 


CBOSS 
C4-1/8-TO~3011-F 
PMESS-~-1/8-T0-9761-F 
CE3935 

C4 -1/B-TO~S2R3-F 


C4-1/8-T0-101-F 
CHEB ids 
CB1015 
04-1/8-T0-5141-F 
C4-1/B-T0~S1 14-F 


CER4735 
CEId2S 
CB1025 
CBL035 
CR2235 


Chaegs 

CB2205 
04-1/0-TO~101-F 
PMESS-1/8-T? 5001 --H 
CH4705 


CB4705 
C4-1/B-TO G192-F 
C4°1/8-T0-4751-F 
C4--1/B-T9-1L2R-F 
CB2205 
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Replaceabie Parts 


Reference 
Designation 


ALAR231 
AL4R232 
AL4&RZIS 
AL AR234 
ALAR236 


AL4R237 
AL4R 238 
A14R239 
AL4R241 
ALARA 42 


ALAR2AS 
ATARZ44 
ALARAAG 
AL 4R245 
AL4R247 


&14R249 
ALAR BAD 
ALAR2GO 
ALAR2S 1 
ALAR2S2 


ALAR 2SS 


ALARAS7 


ALAR 258 
ALAR25? 
ALARZ60 
AL4R261 
ALARZ42 


AL4R263 
AIAR244 
AL4aR 2465 
AL4R266 
AL4R 268 


ALAR269 
ALARA7 0 
ALAR27 1 
A14R272 
ALAR273 


A14R 274 
AL4R275 
AL4R276 
Al 4R277 
AL4R278 


A14TP18 


A141 
Al Au2 
AL4U3 
A144 
A14U5 


ALAS 
41407 
AL 4Us 
AL4U9 
A1L4ui0 


414011 
Al4u12 
A14U13 
AL4UL4 
Al4013 


Al4aule 
A14U17 
AL4Ui8 
AL4U19 
A1 420 


AL4U21 
A1 423 
ALAU24A 
AAAS 
AL4aURG 


41427 
AL4U29 
AL 4U29 
AL4US0 
#14034 


6-20 


HP Part 


Number 


G737- 9438 
DGhS- 1045 
1683-4705 
0663-4795 
06937~4701 


hés7-4701 
0757-0455 
0683-2205 
0797~9200 
0757-0465 


0693-2205 
0483-0275 
O77 ~ 1442 

e735 
0499-00604 


0687-4701 
Q757-9402 
0737-02890 
0757-0280 
8797-0283 


16832205 
H7S7-0442 
0697-4701 
757-0442 
0693-4705 


0693-0605 
0483-9685 
069B-4388 
OH98- 4458 
9683-4705 


0787-0346 
1H7B-S4ye 
0757-0485 
NGOS 2205 
0737-0277 


0737-03517 
2100-3409 
0683-0395 
§683-1205 
8757-0208 


1251-4822 


1820-1196 
4820-1197 
1826-0476 
1826-0476 
1826-0304 


1820-1270 
1820-1279 
1820-1279 
1B20-1279 
1820-1282 


1820-1112 
1928~1112 
1829-1423 
1620-0693 
1821-0001 


1826~0304 
1826-0304 
1626-0298 
1826-9208 
1026-0416 


1826-0208 
1826-0206 
1826-0418 
1826-0268 
1820-1730 


1829-1214 
1B20~1196 
1820-1730 
1820-1641 
1820-1199 
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Table 6-3. Replaceable Parts 


Description 


49.9 1K 125M F TCsd+~-108 

DR 1,33 1% .1254 F TCsds-100 
RESISTOR 12 5% .25W FC 1C=-40071500 
RESISTOR 3.9 3% .e5W FC T 40074500 
RESISTOR S.11K 14 ,12hW F TO204-109 


EF TCs0+-109 


REGISTOR 5,.11K 1% 
SY Tihs 40071899 


R TOR 130K S 
STOR i 
RESTSTOR 
RESTSTOR 47 10% .SW CC 


RESTSTOR 10% .Sh CO Teed! aie 
100K 1% .125W F TOs0+-160 
a2 5% .eSw rc t 0077509 
1K 1% aow FT 100 
103K 1% .125W F Thed+-100 


“A00/+506 
4000/7509 


RESISTOR 22 5% .25W FC T 
RESISTOR 2.7 3% .25W FC 
RESISTOR 10K 1% ,125b F +400 
RESISTOR 2.7 5% .25W FC T 4000/4500 
RESISTOR SO .4% SWF ToHdt-25 


A? 19% . Su CO TC +412 
110 1% .1a5W F TC#h+ 
1K 1% 1254 F OTC 

1K 1% .125W FT 

ey 1% .125W F TC 


RESISTOR 22 5% .ahw FC TC: 
RESISIOR 132K 1% .125W FT 
RESISTOR 47 10% .SW CC TC 
5 j 10K 1% .125W F T 
47 5% 250 Fo TC 


6.9 5% .25W FC TOs 40074+500 
6,8 5% ,256 FC T 40074590 
63.4 1% .125W F O+-106 
324 4% .1A5W F TO=0+-100 

47 3% .a5W FC TOs -40074509 


RESISTOR 16 1% .125W F TOso+-409 
RESISTOR 2.67K 1% . 125M F TC=0+-109 
RESISTOR 162 1% ,125¢ F TC=0+-100 
RESISTOR 22 5% .BSW FO TOs-400/4500 
RESISTOR 49,9 1% .1250 F TO=84+-100 


RESISTOR 1,33K 1% .125W 0 Toad+-108 
RESISTOR-TRMR 20 10% C TOP-ADT i~TRN 
RESISTOR 3.9 5% .a5W FC Tl=-400/4+500 
RESISTOR 12 5% .25W FC TO#--400/+560 
RESISTOR 3.62K 1% .125W F TCd+-109 


CONNECTOR 3-PEN M POST TYPE 


IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 
IC GATE TTL LS NAND QUAD 2--INP 

IG SWITCH ANLG &-DIP-P PKG 

IC SWITCH ANLG G-DIP-P PKG 

IC OP AMP L.OW-BIAS-H-IMPD TO-99 PKS 


tC CNTR TTL LS BIN UP/DOWN SYNCHRO 
IC CNTR TTL LG DECD UP/DOWN SYNCHRG 
1C CNTR TIL LS DECD UP/DOWN SYNCHRO 
IC CNTR TTL LS CECH UP/DOWN SYNCHRO 
iC FF JTL LS J-K BAR POS-EDGE-~TRIG 


IC FF TTL LS B-TYPE POS*:DGE-TRIC 
IC FF JTL LS D-TYPE POS-EDGE-TRIG 
IC MY TTL LS MONOSTBL RETRIG DUAL 
IC FF TTL § D-TYPE POS-EDGE-TRIG 
TRANSISTOR ARRAY 14-PIN PLSTC DIP 


2 GP AMP LOW-BIAS“H-IMPD TO-99 PKG 
[CUP AMP LOW -BIAS “He IMPD TO--99 PKG 
> OP AMP GP B-DIP-P PKG 

OP AMP GP 8-DIP-P PKS 

SWITCH ANLG QUAD 16-DIP-C PKG 


OP AMP GP B-DIP -P PKG 
OP AMP GP G@ DIP-P FPKE 
SWITCH ANLG QUAD 16-DIP-C PKG 
Tf. OP AMP GP &-DIP-P PKG 
FF TTYL LS D-TYPE POS-EDGE-TRIE COM 


DOOR TTL LS 3-TO-B-LINE 3~INP 
FF TTL LG D-TYPE POS-EDGE-TRIG COM 
FF TTL LS P-TYPE POS-EDGE-TRIG COM 
DRYR TTL LS BUS DRYR HEX 1~INP 

> INV TTL LS HEX i~INP 


RAS4G 
LADS 4G 
01121 
Qitel 
24546 


BAd4 
$1121 
d1iet 
O1e 
diial 


o1i21 
BAD Aa 
o1i21 
BAT ab 
24546 


ited 
01121 
P4546 
a1421 
23480 


91124 
RAS 46 
24546 
BADE 
245-448 


O1121 
24546 
Q1121 
RADAS 
01121 


11421 
G1121 
S46 


245-46 
24546 
24546 
1121 
2ASAO 


BAS 4G 
23498 
O1i2t 
04181 
24546 


28480 


11295 
61295 
$1295 
O1295 
27914 


1129S 
01295 
$1295 
0129S 
01299 


a129S 
81295 


27014 
27b14 
27014 
27014 
27044 


27014 
27014 
27014 
27014 
B129S 


01275 
S129% 
O129S 
64295 
01295 


See introduction to this section for ordering information 


*Indicates factory selected value 


Replaceable Parts 


Mfr Part Number 


C4-1/8- 10-4972 -F 
Ca 7AZ9 TH LBIL-F 
CRI205 
CHI9GS 
4-4/8 TO9S111-F 


C4. 1/8 TO 511 1-F 
CBLOAS 
CH4A705 
CB4A7 95 
ENn4?701 


£B4701 
C4~ 1/8- T0100" F 
CH2205 
C4-1/0-TO- 1801-F 
C4 1/B-Th-1903-F 


CHa205 

CBB7ES 

64. 1/8-T0--1008-F 
ChA7E5 

QEPO-1064 


ER4701 

C41 /B-TH tL -F 
C4-1/B-TO-1001 -F 
04-1/8-T0-1904 
C4-1/8-T9~-2001% 


ChA205 
C4-1/8--T0--1902 - 
EBa701 

C4 1/86 T0102 oF 
Cu4a795 


CRGBSS 
CR68G5 
CA- 1/B-T0~63R 4-F 
C4- 1/8-T0-324R~ 
Ch4705 


4/O-TO-1OR OF 
“1/B-TO~247 1 -F 
9/89 TO GOR “F 
HOD OG 
1/8-TO-A992-F 


1/B-T0-1331-F 
2190-3409 
CB37G5 
CBi 205 
C4-4/8-T0-5621-F 


12%1~4822 


SN74L5174N 
GN74L,509N 
TLGO tC 
TLOd1cP 
LF35SH 


SN74LS1TPIN 
SN74LS19 BN 
GN74LS5190N 
SN74L3190N 
SN74LS109AN 


SN74L874AN 
SN'74LS74AN 
SN74LS123N 
SN74S74N 
CAI046 


LF S554 
LFASS 
LMI19N 
LM31 ON 
LFi333iD 


LM3190N 
LM310N 
LF13331D 
LMG1ON 
SN74L8273N 


GN7ALGLIIIN 
SN741S174N 
SN74LS273N 
SN7 4. S365AN 
SN74LG04N 


Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference 
Designation 


A14U42 
A1 AUS 
414034 
A1L4ua5 
A14U36 


Description Mfr Part Number 


1020~1442 BN74LS290N 
1820--0693 
4820-1112 
1920-0693 
1820 -0694 


IC CNTR TTL LS& DECD ASYNCHRO o12a95 
IC FF TTL § P-TYPE POS~EDGE-TRIG 01295 
IC FF TIL LS D-TYPE PBS-EDGE-~TRIG 91295 
IC FF TT S D-TYPE POS-EPGE-TRIG bi27S 
IC GATE TTL S&S EXCL-OR QUAD @-INP 01295 


SN74574N 
GN74S586N 


uwuDgo~n 


SN? 40.810N 
CA1L458T 
1826-0079 
CA3102E 
CA1458T 
LM311L 
8N74LS74AN 
SN7ALGI BIN 
SN7271 01. 
GN741.S04N 
SN74LS27-3N 
ULN-2003A 
0340-1716 
1200-0796 


A14U37 
AL4Ua3 
A1AUZ9 
A14U40 
A14U44 

A14U42 
614044 
Al4U45. 
A14U47 
A14U48 
1404? 
A14U50 


1820-1202 
1826-0111 
1826-0879 
1858-0063 

1826-0141 

41826-0026 

1820-1112 
1820-1423 
1920-0321 
1020-1199 
1B20~1730 
1858-0047 

0360-1716 
1200-0796 
1203-0011 
1205-0018 
1205-0033 


IC GATE TYL LS NAND TPL 3- INP $1299 
To OP AMP GP DUAL TO-99 PKG BLOGS 
IC-LINEAR 28450 
XSTR-ARRAY 14-PIN PLSTC DIP 0192B 
IC OP AMP GP DUAL TO-99 PKG 3L585 
IC COMPARATOR PRCN TO-99 PKG 01295 
IC FF TTL LS D-TYPE POS-EDGE~TRIG 0129S 
iC MV TTL LS MONOSTEL. RETRIG DUAL §4a95 
IC COMPARATOR GP TO-99 PKG 01295 
IC INV TTL LS HEX 1~INP 129% 
IC FF TTL LS D- TYPE POS -EDGE-TRIG 81295 
XSTR-ARRAY 16-PIN PLSTC DIP 13606 
TERMINAL~STUD SGL-PIN PREGS-MTG 204810 
SOCKET~IC 8-CONT DIP DIP SLOR 28460 
HEAT SINK TO-5/TO-39-CS 28400 4205-0011 
HEAT SINK TO-18-CS 28480 1205-0018 
HEAT SINK TO-5/TO-39-CS 28460 1205-0083 


SONSMH He“ VF BON aOPeun 


1281-0600 
1460-1336 
7121-1234 


1254-0600 
1460-1336 
7121-1234 


CONNECTOR: SEL. CONT PIN 1, 14°MM-BSC-52 EQ 28480 
WEREFORM CU BRT-TIN 29430 
LABEL CAUTION 1.925-IN-WD 2.24-IN-LG 28480 


or»eo 


03325-66521 PG ASSY-FFS D/A 26400 B3525-66521 
DHLSE S60 T0350 0WVICR 
0140: 3847 
VRODE7OX901 OBA 


ALA 2140-9191 
421C2 0160-347 
A2tCS 0100-1861 


CAPACITOR FXO SEPF 44-32% Z200VDE MICA 72136 
CAPACTTOR-FXD .GIUF +200-0% SOVOC CER 204B0 
CAPACITOR-FXD 27UF+~10% YOVDC TA S62B9 


AICS 
A2Z1C6 


AQLO7 
AZ1CB 
A21C9 
A21C10 
ALC 


Aaiciet 
AGIOS 
A21014 
ASICS 
21016 


A21017 
€21018 
ABICIG 
AAC! 
aniced 


A21023 
€21C024 
A21C26 
AG1C27 
A21C28 


AP1C29 
ALZIOS1 
ARICIZ 
ARLE 
AZIC1S1 
ALTE 


APACITS 
A2Z10134 


0480-1746 
0149-0174 


0160-4571 
6160-3847 
0160-3847 
0160-4571 
6180-1581 


DiGD- 3947 
0469-22 
01460- 
0160-2222 
9169-3847 


01460-4461 
9160-2257 
0190-1746 
D100-17 46 
160 -S306 


0160-3847 
0149-0149 
8180-3847 
0160-2243 
b160~2208 


0169-4647 
Di6N-3B47 
01604571 
0160-3847 
0140-0191 


HiGo- $847 
1160~3947 
0160-4571 


auwuion nN 


8 
9 
9 
8 
Ss 
9 
& 
9 
2 
9 


ude 


pnyvrs 


CAPACTTOR-FXD 
CAPACI TOR--F XD 


CAPACITOR-FXD 
CAPACTTOR~F XD 
CAPACTTOR~FXD 
CAPACI TGR~ F XD 
CAPACITOR -FXD 


CAPACTTOR-F AD 
(CAPACITOR -FXD 
CAPACI TOR-FXD 
CAPACTTOR-FXD 
CAPACITOR -F XD 


CAPACTTOR--FXD 
CAPACTTOR-FXD 
CAPAC TTOR-FXD 
CAPACTT&R- XD 
CAPACTTOR-FXD 


CAPATITOR-FXD 
CAPACT TOR -F XD 
CAPACTTOR@ FAD 
CAPACTTOR“FXD 
CAPACTTOR -FXD 


CAPACITOR «xD 
CAPACITOR-F XD 
CAPACITOR -FXD 
CAPACITOR: F XD 


CAPACITOR FXD 
CAPACITOR -FXD 


L5UF+-10% 20ULC TA 
BOPP +-3% SOV MICA 


»1UF 480-20% SOVDC CER 
<O1UF 4100-0% SBVEC CE 
/O1UF 4100-0% SOVDE CER 
/1UF 480-20% SOVDC CER 
27UF+-10% 1aVpC TA 


O1GF 4100 0% GOVRC CER 
S.tPF +-.25Pr S00VDC CIR 
OU £109-0% SOVDC CER 
V5GOPF +-S% SC0VDC MICA 
-O1UF 4109-0% SOYVDC CER 


VSOPF +-2,.5% 160VD0 POLYP 
OPE S42 SOUVDC CER 0+-60 
15UF 20VDC TA 

TSF 20VEC TA 

SLUF 440% 400VD0 


SORUF £400-0% SOVDG CER 
A7OPF +-5% JOOVDC MT 
ORF 2100 0% SOVDC 
2.7PF +, F SooVDe CER 
BIOPE +-S% AGVEC MECA 


-Q1UF +100°-9% SOVDC CER 
O1UF 4+100--0% SQVOC CER 
TUF 490—20% SORE CER 
OLE F100-9% BIVOC CER 
S6PF +-5% SOQVNC MICA 


-O1UF 4190 -9% SOVEC CER 
/OLUF +100°0% SGVPC CER 
»1UF ¢88-20% GOvoc CER 


S428? 
72150 


284689 
eRAd 
28480 
213480 
6289 


28480 
23480 


2940 
28480 
FO289 
S269 
20450 


28489 
72136 
28488 
28400 
20480 


28480 
2B480 
20480 
28430 
72146 


28400 
23489 
20480 


150D156x9020b2 
DMISESHOTOSIOWYIER 


6160-4571 
0160-3847 
0140~ 
0160-4571 
LG0D27 6x80 1 One 


$160- 3647 
0160-2250 
0160-3847 
0140 2222 
6160-3847 


01490-4461 
0160-2257 
TSO D1SEx7oa0h2 
150D156X9 0202 
0160 5306 


0160-23847 
DMIGFA71TOSAGUVICR 


CAPACTTOR-FXD .OLUF 4100-9% SoVDC CER 29480 
CAPACTIOR-F XD .GIUF #198--0% SOVEC LER 23480 ni16d- 


A210135 
ALICLI6 


G160-3847 
0160~3B47 


w~woey aoa 


acago 0140 
DMISP27179500WV1CR 
0160-3847 
0160-3847 
LGODISHXP0A IEA 


CAPACLTOR-FXD .O1UF #190-0% SoYUdE CER 
CAPACI TOR-FXD 270PT +°S% SOOVDC MICA 72136 
CAPACITOR=FXD ,O1UF +100-0% 50¥DC CER 28480 
CAPACITOR-FXD .01UF +100-0% Sovoc CHR 28480 
S209 


0160-3847 
V140- gabe 
0460-3947 
0160-3847 
O1BO-1746 CAPACTTOR: FXO LHF 4-16% 20VoC TA 


A210137 


916) 3847 
0160 3847 


CAPACITOR-FXD .O1UF #100 9% SovbC CLR 28439 
CAPACITOR FXO .O1UF 4100°-0% SOVEC CER 28400 
CAPACITGOR-FXD OYUF+-10% 1IYDG TA mO2 G L50D27EX901 NRE 
CAPACTTOR-FXO TSUFe-10% een Ta Soe TEGDiS6xXP dade 
CAPANTTOR:F XD .O1UF #-29% 100VDC CER AEA E 9160 3879 


N16d- S047 
0160~3947 
0190+ +861 
a 0180-1746 
ALIC1b2 0160 3879 


CAPACTTOR“FXO ©Q1UF #100-0% SOVHC CE 20400 6160-3847 
CAPACTIGRN-F XD .O1UF 6100 8% Bavoc 29489 0160-3847 
A21C167 0169-3047 CAPACTTOR-FXD . C1 4180-6% SO¥DE 28460 C140 3847 
ALT O16 0160-2254 CAPACTIOR-FXD 100PF 4-54 S00URC MICA 2B 400 6160-2254 
A2@1C1 89 0140-3847 CAPACITOR-FXD .GAUF #160-6% GOVOC CER 28460 8160-5847 


A2LC1ES G1)" 347 


4210164 W160 °3847 


See introduction to this section for ordering information 
* Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference 


Designation Mfr Part Number 


Description 


AZICI7 1 
A210173 
AZIC174 
AMAACL7S 
A2Z10177 


ARLCI7B 


0180-1746 
b180~-0228 
01602204 
6160-0571 
8160-5879 


0160-3047 
$160-4649 
6160~2204 


CAPACTITOR--F XD 
CAPACITOR -FXD 
CAPAC ITOR~FXD 
CAPACITOR-FXD 
CAPACLTOR~-F XD 


CAPACTTOR-FXD 
CAP ACTTOR-~F XD 
CAPACITOR~FXD 


ISUF+-10% 20V00 TA 
22UF+-10% 1SVbC TA 
1LOOPF +--5% 3OBVDC MICA 
4$70PF +-20% 100VbPC CER 
/DLUF +-20% 100VDCG CER 


-O1UF +100-% 50VDC CER 
1OOOPF 4+-5% 100VDC CER 
1LOOPR +-5% BQOVKG MICA 


56269? 
86289 
2b400 
28450 
28480 


29460 
28480 
28480 


150D156x9020b2 
LHODS26X9 01 SBA 
9160-2204 
O16¢~0971 
0460-3879 


0160-3847 
9160-4040 
Q140~-2204 


0160-4441 
01640-0127 


CAPACITOR-FXD .AZUF +<10% SOVDC CER 2B 480 
CAPACITOR-FXD 1UF +-20% 25V00 CER 28480 


6160-4441 
0160-0127 


0160-3847 
0160-3847 
61690-3847 
0160-3847 
9160-0127 


CAPACITOR-FXD ,G1UF +198—0% SOVDC CER 28480 
CAPACLTOR-FXD .O1UF +100-8% SOVDC CER 28490 
CAPACITOR-FXD .81UF 4190-04 SOVDE CER 28480 
CAPACTTOR-FXD .Q1UF +100--0% SOVDC CER 28490 
CAPACITOR-FXD 1UF +-20% @5VDC CER 28480 


AR1C194 
ABIL1GS 
A21C61B6 
A210197 
A2Z1C TBE 


6160-3847 
0440-3847 
0140-3847 
0160-3847 
01690-9127 


wu W NRony NOsta 


O160-4571 
$160-3876 
150-100-NPG-101F 
150~-100-NPO~-1017 


CAPACITOR<FXD ,1UF +80-20% SOVPC CER 28490 
CAPACTTOR-FXD 47PF +-20% 208VDC CER 28480 
CAPACITOR-FXD 100PF +-5% 200VDC CER 91442 
CAPACITOR-FXD 1O8PF 4-5% 290NDC CER 51642 


AAIC190 0160-4871 
AQIEI PS 0160-3876 
A210196 0160-4283 
AZICAP7 0160-4283 


wwEg 


1901-0940 
4701-0040 
1981-0518 
1701-0818 
1901-08940 


DIODE-SHWITCHING 30Y S@MA 2NG DO-35 29430 
DIGDE-SWITCHING BBV SOMA 3 DO-35 28480 
DIODE~SM SIG SCHOTTKY 28486 
DIODE-SM SIG SCHOTTKY 20489 
DIODE-SWITCHING 30V SOMA 2NS DO-35 28499 


1904-0040 
A I 4901-0040 
AaIC 1901-0519 
AZICRA 1901-95198 
ABICRS 1901-0040 


7 Oo 


DIODE-ZNR 4N@25 6.2V GZ DO-7 Pha, 4 94713 IN825 
DIODE-ZNR {NG25 6.2V 5% LO-7 PD=, 40 04713 1N925 
DIODE-SM SI SCHOTTKY 28480 1901-8518 
DIODE-SM SIG SCHOTTKY 28480 1901-0518 
DIODE-GSWITCHING 30V SOMA ANS DO-35 28480 1961-0040 


1902-0777 
4902-0777 
1901-9518 
4901-0518 
1961-0048 


ABLERS 
ARICRI1 


Oona 


1761-0040 
1901-0040 
1901-9048 
1992-3954 
4902-0064 


DIODE-SWITCHING 30¥ SOMA ANS DO~35 26480 
DIODE -SWITCHING 304 SOMA 2NS DO-3G 28480 
DIODE-SWITCHING 30Y SOMA ANS DO-3S 26439 
DIODE -ZNR 3.65 S2% DO-35 PD=.4W 28480 
DIODE-ZNR 7.5V 54 DO-3BS PO=.4W Tl=+, 05% 28400 


1901-60040 
1991-9046 
tOn1-0040 
1902~3854 
1902-0064 


AZICRI2 
AQ1TOR AS 


aa. es 


1902-0064 
1901-0040 
192-3039 
1901-0518 
1901-0049 


54 00-35 PD=.4W Tes+, 05% ZB84B0 

t BOY FaMA 2 bO-35 29480 
DINDE-ZNR 3,024 5% DO“? PD=.4W T=, 067% 28480 
DIOD M SIG SCHOTTKY 28400 
DIODE-GWITCHING 304 SOKA 2NS DO-35 20499 


A2LORT 
ARUCR20 
ABLTER 131 
ARICRLG1 
AZICRIG2 


1? 92-0064 
1904-0046 
17902-3030 
1981~05t8 
1794-5040 


BO 


DIODE-SM SIG SCHOTTKY 28480 1961-9518 
DIONE-VVC BPP 10% CS/C25-MIN=S RVR=3OV 04713 MV109 
PIODE-SM SIG SCHOTTKY 20496 1941-0518 
DIGDE~VVC 29PF 10% C3/C25-MINSG RVR#30U 94713 MV109 


AAICRI6S 
AZICRIE4 
AZ ICRL6T 
ARICR1G6 


1904-0518 
g122-0089 
1901-0518 
O128 -0089 


ao no 


1251-6547 
1810-0294 


CONNECTOR 21~PIN M POST TYPE 289480 
NETWORK-RESISTGOR 16 PIN DIP; RES 28-489 
CONNECTOR-PHONO SINGLE PHONG JACK; DIP 25480 1251-2969 
CONNECTOR-PHOND GINGLE PHONO JACK; DIP 28485 1251-2969 
CONNECTOR=PHONG SINGLE PHONO JACK; DTP 28430 1231-2969 


421s. 1251 6567 
1810-0294 
1251-2967 
1251-2969 
1251-2969 


ALLIS 
A21I16 


gapoersao 


CONNECTOR-PHONO SINGLE PHONO JACK; DiP 25480 BP? 
CONNECTOR-PHONO SINGLE PHONO JACK; DIP 28490 
CONNECTOR-PHOKD 51 PRONO JACK; DIP 26489 
CONNECTOR “PHONO SLE PHONO JACK; DIP 28480 


1251-2969 
1251-2969 
1Z51- 2969 
1251-2969 


AZIII7A 
AAVIAPK 
AZITIIEA 
AZ1I1 BE 


ABG1-2969 


7100-1622 
9100-1622 
DL00--1791 
F100-1791 
941790-0B74 


INDUCTOR RF-CH-MLD 24UH 5% .166DX, 38GLG 28480 
INDUCTOR RF-CH-MLD 24UH 5% .166D%. 385.6 20480 
INDUCTOR 290NH 29% .23DX,375LG 28489 
INDUCTOR 290NH 28% .23DX,375L6 234680 
CORE-SHIELDING BEAD 23489 


AZIL4 FLNN-1622 
ACL 9100-1622 
AZILS P1B0-1794 
éatk132 PANO~1 794 
ABLE PAPO 8894 


pera Sean 


9190-1791 
9440-0460 
F109-05359 
7140-0349 


INDUCTOR 290NH 204 ,23DX. 37516 29480 
COTL-VAR 3U1NH-429NH O=120 PC-MTG 23480 
ENDUSTOR <MISEC IFEM> 29460 
INDUCTOR RF~CH-MLD 1,10 9% .466DX. SHSLG #8460 


ALN161 
AZWAGE 
ARILL6S 
ABIL OS 


91001794 
9140-0460 
9109-0539 
PIAD~ 0349 


No 


TRANSISTOR PNP ST TO-92 PD=o25Mu 04713 MPSHO1 
TRANSISTOR PNP SI TO-92 PD=# 04713 MP S112 
TRANSISTOR NPN 2N5179 Si TO-72 PD: 04713 
TRANSISTOR PNP ST TO-92 PD=G25Me §4713 

PNP 2N4917 GI PD=200MW 97263 


Aa1a1 1053-0448 
AR LAe 1B54- 9448 
0345 

D448 

1853-0087 


fofoao 


2NA917 


2N4?17 
ON4SL7 
1854-0296 
2N4A917 
1B54--929G 


TRANSISTOR PNP 2N4917 07263 
TRANSTSTOR PNP ANAL? GT Q7 263 
TRANSISTOR NPN SI TO-92 5 

TRANSISTOR PNP 2N4917 

TRANSISTOR NPN SI TO-92 PD 


1653-0989 
1853-0089 
1854-0296 
1853--0 009 
AURA 1B54— 0296 


Bwota 


TRANSISTOR PNP 2N4917 ST PD=200Mu 87263 2N4927 
TRANSISTOR NPN SI TO-72 P R409 
TRANSISTOR NPN SL TO-92 P 2a4nd 
TRANSISTGR NPN SI TO-92 PD=310MW é8480 
FRANGISTOR-JFET DUSL N- CHAN D-MODE SI 


ABAAS 1853-0099 
AZIQIS VERE 
A214 G4 O296 
AL1A16 1 0296 
AZYQI7 


See introduction to this section for ordering information 
*Indicates factory selected value 


6-22 


Replaceable Parts Replaceable Parts 


) Table 6-3. Replaceable Parts 


Reference 
Designation 


4210818 1835-0061 
AMIRI 1055-6084 
Ae1g2t 1855-9092 
AQ 122 1854-0219 
AL1WGES 1854-1215 


Description 


TRANSISTOR J°FET Ne CHAN D-HODE ¢ 

TRANSISTOR J-FET Ne-CHAN D-MODE 

TRANS TSTOR J-FET P-CHAN D-iM0 

TRANGISTOR NPN ST PD omMW F FOMHZ } ENSo04 
TRANSISTOR NPN ST PD DM FT=300 KHZ 7 2nd 


ee De 


AL1TH24 4854-0215 
1053 Ob89 
1654-0218 
1995-0081 
1954-0296 


TRANSISTOR NPM SL PO=3S0MW FT=300MH47 3 ANI9O4S 
TRANSISTOR PNP 2N4717 ST PD=2o 0M 2N4917 
TRANSISTOR NPN ST PD#S5aMi FY z 2 ANSP04 
TRANSISTOR J-FET N-CHAN D-40 3 3 1059-0081 
TRANSISTOR NPN SI TO-92 PDS OM 2 L8H “D298 


an 


A21009 1354-0296 
A21431 1853-0089 
AL1Q32 1854-0830 
AQLASS 1855-9082 
ALLS? 1854-9215 


TRANSISTOR NPM ST TO892 Ppesi oh @RAG 1O54- D296 
TRANSISTOR PNP 2N494t7 GSI PD<2900MW 2N4917 
TRANSISTOR-DUAL NPN PD=500inW 27% LMS?4 
TRANSISTOR J-FET P-CHAN D-MODE ST 1655-0082 
TRANSISTOR RPN GI PD=350MW FT=30GMHZ 04713 2NSP04 


wo Owe 


ao 


A21 038 1ASS~ 0086 
A2THS9 13-0081 
A2TA4L 54-0296 
AA1042 BS4- 0296 
A21043 1853-0089 


TRANSISTOR PMP GL PDeS1GMW FT =4044Z e704 ANS087 
TRANSISTOR J-FET N-CHAN D- MODE $1 2B4B0 1855-0081 
TRANSISTOR NPN St TO-92 PD= Item 28460 1854-0296 
TRANSISTOR NPN SI TO-92 PY OMW 2E4B9 1654 -0296 
TRANSISTOR PNP 2N4917 ST PD=200MU 07263 aN4O1L7 


aooer 


AR1Q44 LOGS 0089 
AC1Q131 1053-0448 
AL1Q1S2 1854-0071 
A279 61 1853-0448 
ALIAVG2 1894-0345 


TRANSISTOR PNP A2N4917 SI PD#200MW 07263 2N4717 
TRANSISTOR FNP SI TO-92 PD=625MW 04713 MP SHaL 
TRANSISTOR MPN OY PD=30OMW FT =2000HZ 204g 1894-0071 
TRANSISTOR PNP SI TO-92 PD=625MU 4713 MP SHY 
TRANSISTOR NPN @NSt79 SI TO-72 PD=200MW 04713 eng 17? 


wouona 


4210163 18540345 
ALIQL64 1694-9345 
AP1Q165 1054-0345 
AL1Q166 183-9448 


TRANSISTOR NPN 2N5179 Sl TO-72 PD=200Mu 04713 aNnS179 
TRANSISTOR NPN 2N5179 SI TO-72 PD=Z200KW 04713 ansi79 
TRANSISTOR NPN @NG179 SIT TO-72 Pb=20GMW QA713 AaNGL79 
TRANSISTOR PNP SS] TO-92 PD=&25my G4713 MPSHEY 


eae 


Aart 0757-0395 
HAIR A 0757-0419 
ABURS 0757-0419 
AZIRA 0693-4705 
AQIURG 0757-042) 


RESISTOR 86.2 1% .1254 F Tl0+-100 BAT 46 C4.-1/8-T0-SERB-F 
RESISTOR 681 1% .125W F 1C=04~109 24546 C4~1/9-T0 -OB1R oF 
RESISTOR 661 1% .125W F hen 24546 04-4 /8~TI “68 1R-F 
RESISTOR 47 5% .25W FC 7 O1124 BAZIN 

RESISTOR 825 1% .125W F Te=0+-100 PASAG C4-1/8-TE-25R-F 


race 


AZIR? 0683-4715 


A21R8 0G83~4705 
A2ZIRP 0678-3440 
uN A@1R11 0683-2205 


AZIRL2 0797-0438 


RESISTOR 470 S% .25W FO T6a-40074+600 01121 CE4715 
RESISTOR 47 5% .25W FO The-400/+500 01121 CB4705 
RESISTOR 196 1% .125W F TC0=0+-108 LASAG C4°-1/9-T0"4196R-F 
RESISTOR 22 54% .25W FC TOs-4007+500 81421 Cr2205 
RESISTOR 3.11K 1% .123W F TO#04+~-150 24546 C4 1/8 TAS Ld oF 


AZIR13 0757-0438 
A2Z1R14 0257-04198 
ARTRIG 0757-0440 
AL2Q1R17 869B-3152 
AZ1IR18 0757-0444 


RESISTOR S.11K 1% ,125W F TCs0+-100 2AG4G C4—1/8-T9-S111-F 
RESISTOR 619 1% ,1eGW F 1C#04+-109 24S C4-1/B-T0-G19R =f 
RESISTOR 7.5K 1% .125W F TO=0+-100 24546 C4-1/8-TO~7501-F 
RESISTOR 3,40K 1% .1a@5W F 1 Po 24546 C4-1/8-T0~3481 -F 
RESISTOR t2,1K 1% .125W F TC=f+-108 2454 C4 1/B°TO"t212-F 


“aN wot Weonceo 


AL1IR1P 9757-6278 
AQRAL 0693-4705 
ALIR22 0693-1525 
A2Q1R2E3 0483~h815 
AZ1R24 1683-1825 


RESISTOR 1,78K 1% .125W F TC=04-100 24546 C4 1/8 FO-1781-F 
RESISTOR 47 5% .25W FC TC=-400/4590 O1124 CB4705 
RESISTOR 1,5K 5% .20! : o1i21 CEiS25 
RESISTOR 600 5% .25 FO TC é fiat CB68t5 
RESISTOR 1.8K &% .25W FF! 91421 CBLS25 


Np DO 


A21R26 0757-0395 
ARR A? O757--0317 
ABR25 0757-0317 
ALIRAD 0683-4705 
AAIRG1 0683-3325 


RESISTOR 6.2 1% ,125W F Ti=d+-- 24546 C4.-1/8-T0-S6RA~-F 
RESISTOR 1,33K 1% .123y F T 24546 C04 -1/8-TO LIS OF 
RESISTOR 1.33K 1% .125W F TO=0+-100 24546 C4-1/8-TO-1351-F 
RESISTOR 47 S% .25W FC Tl=-400/+500 OLi2i CB4A70S 
RESISTOR 3.3K 54% .25W FC TO=-400/+700 C1tai Cha325 


Sanne 


RESISTOR 470 5% .254 FO Tis J 01421 CB471S 
RESISTOR 47 5% .25W FC TC +5 01121 CB4705 
RESISTOR 5.11K 1% ,12@5W F T . BAG C4-1/8°T0-5111-F 
RESISTOR 1K 1% ,1254 F TC#d 24S4& C4-1/8-T0-1001-F 
RESISTOR 3.83K 1% .125W F TC=d4~ 24546 C4°1/8--7 0-831 -F 


AZ1R32 0683-4715 
ABIRTS 0683-4705 
AZIRS4 0757-0438 
ARIRSG 6757-8200 
A2Z1R37 0698-3153 


VU WDES 


RESISTOR 1,94K 1% .125W F TC=0+-2109 BADAG C4-1/B8-TO- 1961 --F 
RESISTOR 100 1% .125W F TC=04-108 2AD46 C4-1/8~T0~101--F 
RESISTOR 680 5% ,A5W FC TCe-400/+600 61121 Ch4E81S 

RESISTOR 3.823K 1% é F FC#d4+-100 24546 C4-1/8 -T0-3BS1-F 
RESISTOR 3,83K 1% 2 F TC=0+-109 BASAS C4°-1/8-T0-3931~-F 


AZIRIB 0698-0085 
AAIRSP 0757-0401 
A21R44 0693-6815 
AZIRA2 0698-3153 
O21R45 9698-3153 


RESISTOR 1.94K 1% ,125W F TC=04+~-100 24546 C4-4/8-TO-1964 -F 
RESISTOR 100 5% .2GW FC TC +500 01121 C1 01S 
RESISTOR 3.3K 5% .25W FC 7 40974700 04121 CBS3L29 
RESISTOR 100 5% .25W FC TC Ga/7+506 01121 ChlG1S 
RESISTOR 287 1% .125W F TC=04-109 B4ASAE C4°478-T0~207R “FF 


AZIRAS 06768-0993 
A21R4G 
A21R47 
AZ iR4O 
ALIRAP NG98-B4as 


ON GENS wwouwot 


APIRG1 0757-0416 
AZIRS2 0757-0444 
AZQIRSS 757-0286 
AQIRS4 0757-0260 
ABIRSS 0698-00983 


RESISTOR 619 1% .125¥ F TC=04+-104 BASAGE C4: 1/8 TOE GLOR<F 
RESISTOR 12,14 1% .129W F FC=04-100 2AS46 C44 /8-TO- 121 2-F 
RESISTOR 1K 1% .1@5W F TC=0+~-100 B4546 £4-170-TO-10010F 
RESISTOR 1K 1% .125W F Te=0+-1090 24546 C4m4/B—-T I 10016 F 
REGISTOR 1.96% 4% .123W F TCe04+~-190 24546 C4 1/8-TO1961-F 


Twa wo 


See introduction to this section for ordering information 
*Indicates factory selected value 


Replaceable Parts 


Reference 
Designation 


ABARG? 
A21URSE 
AZIRGP 
A21RG41 
ARR O2 


ABLRAS 
AZIRGA 
AQ (RES 
AZIR OG 
AB IRG7 


A21R69 
AARGY 
AZIR7D 
AQUR71 
AQIR72 


AZIR7G 
S21R74 
ARRAS 
AZIR76 
AQIRI7 


A2IR7B 
AQIR79 
AAIRG 
AAIRGA 
ARIRGS 


AIRES 
ARQIRGS 
ALLY RB7 
AZ1IREB 
AAIRBP 


ABIRFL 
ABIRIZ 
AQIRGS 
AQTRIG 
AZIRGS 


AZIRI7 
ALZIRFS 
AAIRG? 
AgIRGII 
ARIR102 


AZIRIOS 
AZIRLOG 
AZIR10G 
AZIRIO? 
AZIRLOG 


AGIR109 
A21UR111 
ARRW2 
ALQIRITS 
ABIRLES 


ABIRIIG 
ARQIRUW7 
ALIRVIG 
AZRI19 
AZIRL1 


AZ1IR122 
AZIRt23 
AAIRAZ4 
ARIRLAG 
A21R130 


A21R132 
ABURISS 
AZIR1S4 
ABIRUSS 
AMIR136 


A2Z1R137 
AL1R13B 
ARIRLAD 
ARIRIAY 
ARRAS 


A21R143 
ARRAS 
AaIR145 
ARTRLAG 
A2Z1R147 


6-24 


0683-4715 
9662-1015 
8693-1035 
DEBS 1015 


07370419 
0676-0084 
0757--0401 
0683-4705 
0490-9083 


14679 

069: ob 
h7ar- pes 
0698-42 
0663-1025 


0683 ~4705 
2100-3211 
0757-9442 
2100-3098 
0483-4065 


0757-0483 
0797-0401 
0663-1935 
) 683-5425 
HOGS 2025 


0757-0209 
0757~ 0429 
0683-4705 
2199 SSG3 
86854705 


O78 1083 
06838-1025 
hesa-2045 
0683-1015 
H757-9421 


1683- 1025 
0693-2225 


0683-4795 


0787-0421 
0757-0416 
0757-0416 


0683-4705 
0757-0439 
0683-1025 
0683-1835 
1683-1025 


8698-31628 
0757-0465 
$693-1525 
0683-1025 
$683~-2225 


0737- "0398 


0683-1025 


0685-1035 
0498-4443 
0683-1933 
0690-4422 
0683-1025 


0683-1015 
0683-3325 
9683~1025 
9693-1935 
0683-1035 


aaovwec 


be) 


SIRWUN Veo 


bNVVSD Bean sHeog 


WeoOnW 


~etwha Nwaust goeug 


QVRENE Wereoas 


WN NS 


wey 


Table 6-3. Replaceable Parts 


Description 


sLSTOR B1 Hh + BS FO T0=~400/4500 
TOR 476 
TOR 100 5 
[STOR 10K 3% 
STOR 104 


A097 #500 
~400/4700 
‘ANN4 +390 


TOR 4984 , 

TOR 2.15K 1% 
ISTOR 100 1% 
SISTOR 47 D% 
“GISTOR 1.96K 1% 


49077500 
125K F Tad 106 


Daxwraa BDBZH 


RESISTOR 14.7K 1% 

RESISTOR 14.7K 1% 

RESISTOR 109 1% a 

RESISTOR 44.2K 1% .125 F TC 
RESISTOR 1K 3% ,25W FC TC=-4007tG00 


SISTOR 47 S% AGW FC Tee -400 74506 
RE ISTOR-TRAR IK 10% C TOP-ADS 1-TRN 
RESISTOR 10K 1% .125W F TOxd4+-166 
RESISTOR-TRMR SOK 10% © TOP ART 17-TRN 
RESISTOR 10M 5% .25W CO TOm-9Ob74+1100 


RESISTOR 999K 1% .125W F TC=d4+-100 
RESISTOR 100 1% 12 WF OTC “1008 
RESISTOR 19K G4 .25W FC IC 0074700 
5% .25W FC Toe 40074700 

RESIGTOR 2K G4 , ZEW FG Ths-49074700 
RESISTOR 13,3K 1% 

STOR & UK 3% w 

TOR 47 5% .2oW FC Thee 

STGR-TRMR SO 10% © TOP-ADT 4-TRN 
RESISTOR 47 5% .25W FL Tos-400/+500 


(96K 2% ARS F TOxd+ 199 
TOR AM SX .25W FC TC=-40074+606 
STOR 109 5% .25W FC TC=-400/5500 
OR 100 5% .25W FO Ths 4600/4590 
RESISTOR 825 1% .125W F T0#04+-100 


RESISTOR 2,2K S% .25h FC TOs-400/4700 
RESISTOR 2, 2K S% RSW FC T “400/4+709 
RESISTOR 4,22K 1% ,12GW F TC=0+-400 
RESISTOR 1K S% .25W FC TC 400/7+600 
RESISTOR 2,24 S% ,acW FC T 


RESISTOR 47 SZ .25W FC T 

RESISTOR 22k ay vembl FO TC 

RESISTOR 10K 5% att) FO Tt 00/7 +799 

RESISTOR-TRMR 2K 10% C TOP-ADS i-TEN 
RESISTOR 1.96K 1% .325W F TC=0+~100 


RESISTOR 109 5% ,25W FC TO-400/4+500 
RESISTOR £08 8% ,25W FC TC 60/1500 
RESISTOR 825 1% .125W F TC=0+-100 
RESISTOR 511 41% .125W F Tleb+~100 
RESISTOR S11 1% 112 SMF Ted +190 


RESISTOR 47 5% .20W FC TC=-400/7+500 
RESISTOR 6.61" 14% ,125W F TC=0r-100 
RESISTOR 1K 5% .25W FC T 4050/4609 
RESISTOR 18K 9% .25W FC TC 90/+806 
RESISTOR 1K 5% .25W FC TC=-490/+600 


RESISTOR 46.4K 1% ,125W F TC=0+-100 
RESISTOR 100K 1% .125W FT 4+~ 109 
RESISTOR 1.5K 5% ,254 FC T 400/+700 
RESISIOR 1K 5% .2EW FO TCe-40074600 
RESISTOR 2.2K S% .25W FG FOr~q00/+700 


RESTSTOR 75 1% .1250 F TC= +100 

RESISTOR 26,1 1% ba +~ 200 
RESISTOR 10K 5% “4090/4709 

RESISTOR 22 5% .20W FC 

RESISTOR 1K S% ‘28M FC T 


RESISTOR 10K 5% .25W FO TC=-4007+709 
RESISTOR 4,53K 1% .125W F Thed4+-120 
RESISTOR 10K 5% .25W FC To 

ESISTOR 1.27K 1% ,125W F TCr 
RESISTOR 1K 5% .25W FC TC=-400/7+600 


ao0/7+500 
-400/4+709 
4i07+600 
00/4708 
a6/+700 


RESISTOR 190 S% .25W FO TCs 
RESISTOR 3.3K 5% 
RESISTOR 1K 3% .25W Fe 
RESISTOR 10K 5% 
RESISTOR 10K S% . 28 


alia 
b1121 
B1124 
01424 
91121 


RAG AG 
2ANS6 
BASS 
31121 
PAS 


BASAG 
24546 
BABAG 
24D AG 
v1121 


bias 
20480 
24546 
82997 
Ot124 


2B480 
2435 46 
O1121 
Ollat 
g1i2a1 


19791 
24546 
O1121 
28499 
g1iat 


BAS4G 
G1121 
04121 
G1ie1 
BANA 


ital 
12a 
eAtas 
01121 
ida. 


O1i24 
01181 
91121 
2aant 
2B4ASAS 


01121 
41121 
Aa4G 
24546 
24546 


01121 
2ATas 
01121 
04421 
024121 


24546 
DASA b 
qii2i 
04121 
61121 


24546 
633038 
91121 
01121 
61121 


01121 
24546 
oi1at 
24546 
011421 


81121 
01121 
91121 
O1121 
91124 


See introduction to this section for ordering information 


*Indicates factory selected value 


Replaceable Parts 


Mfr Part Number 


CBS1 0% 
CU4715 
CR101S 
CHESS 
CHLIUS 


C4-1/8-TE- G8 1R-F 
41 /o-TO-2151 
4-1/8-TE 101 -F 

CHA7 0S 
CAW1/8-TO- 194 


CAA /B-TO1472-F 
Can 1/910 1472--F 
C4-1/8-Td~104 -F 
C41 /B-T0~$422-F 
GBt 025 


Ch4705 

2100 S211 

C4: 1/8-TOn1B02-F 
B292W 1°503 
CB1i065 


0797-0468 
C4-4/0- TH 181k 
CROSS 


Ch2aR3 


MF 401 /8-T0-1432-F 
C4 i /8—-TO--G81 LF 
CE470S 

2199-3383 

CBA7 9S 


C4-1/9~TO-19 61 F 
Choe 

CRIO1S 

h1 01% 

C4-1/B- TO -B25R ~ 


aat-F 
che2es 


CE4a70S 

CkE2ao 

CR1INS5 

2109-0567 
C4-1/B-TO-1961-F 


cBie1s 

cB1018 

CA~1/8-T6-B252-F 
“T0511 RF 


CHA79S 
04-1/3-T0-6011-F 
CH1OR5 
CESS 
CB1025 


C41 /B-TO-AG, 
C4"1/9-TH- 109% 
CHL525 

CB1025 


eha2as 


C4~1/8-T0~75R9 
PMED5DS~-/8~ TO 26R1-F 
CB1035 

Ca2205 

CH102G 


CBLO35 
C4: 1/8~ “TO-453 1 -F 


cBidas 


Cais 
CUSSAS 
0810285 
CHS 
CB O35 


Replaceable Parts 


Reference 
Designation 


A21R140 
ABIRLaP 
ABIR ISO 
ADR 
ARIR1S2 


ARIR161 
AZIRL62 
A1R163 
ARIR1G64 
ALTR165 


AAIRIGS 
AC1R167 
A21R16B8 
AL IRE? 
A2Z1R170 


ARBIRU7L 
AP IRA7A 
AQIRIZE 
AQIRI74 
ABIRI7S 


AZIRY77 
€21R1798 
ALIRI79 
A21R181 

ALIR1B2 


AZIRISS 
AZIR1B4 
AR1IRIGS 
ACIRIG?Z 
ARIRE 


A21R1G9 
ABIRIP1 
AZIRIGD 
A2QIRUPS 
AZIR1IP4 


AZIRN LPG 
ALIRIP7 
AAIRIPO 
AAIRIGP 
A2TiR200 


AZIR201 
AaniR2de2 
AQIRAIS 
2 1R204 
ALTIR205 


AZiR206 
A2QIR2O7 
2 FR208 
AZIRZ09 
AZ1R210 


AAIRQ1LA 
AATR219 
AAIRA14 
AQIRAVG 
ASIR216 


Ae 
A21U2 
A214 
AZIUS 
A21Ub 


A2Z1LU?7 
A21U8 
ALLUP 
AZO 
AML 


A212 
AQIS 
Aga 
é21U15 
AALUL7 


A2QVUIB 
ABULP 
AZIU2I 
AaWwe2 
ACME 


9683-7515 
0683-1035 
0683-3325 
0693-1035 
0683-1035 


0683-2415 
6693-4705 
0603-1045 
0683-4735 
06863-1045 


16B5~-A7 35 
0693-4725 
0483-1035 
0498-3519 
0683-2425 


0757-1094 
0683-1025 
0683-1045 
9433-5125 
6683-4795 


0737-0417 


0693-3915 
0683-1525 


0683—1925 


0757-0416 
694123 
07357-0280 


0757-0431 
0757-d230 
0757-0442 
0498-32879 
0757-0401 


0757-0452 
06978-3440 
0698-4474 


0757-0289 
2737-0401 
ROPB- 3279 
0757-0442 
B757-- 0283 


0787-0280 
0683-3315 
Dbds~43295 
9603-3715 
0693-4765 


0757-0439 
07937-0401 
0797-0442 


1620-0817 
1821--G004 
1820-1196 
PRE0-1112 
1626-0021 


1820-9629 
1820-0697 
LG20- 1277 
1826-0043 
VHQ0- 1277 


{820-0691 
THL0- V6E? 
1B20-11976 
TBL0 L196 
1820-13282 


129 9629 
1929-2004 
1620 -16a3 
120-0681 
1820 2681 


WoenNs., Wawow 


WaNavwd sapr®ocan DMaAewe 


erga 


DQWaM seesse MWOOsKHY HPMSCFH SEY 


orens 
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Table 6-3. 


Replaceable Parts 


Description 


RESISTOR 759 5% 
REGISTOR 16K 5% 


RESISTOR 3.3K 5% 


RESISTOR 19K 5% 
RESISTOR 10K 5% 


RESISTOR 246 5% 
RESISTOR 47 3% 


125M FC TO=-49074+699 
+2GW FC TC#-400/+760 
2m FG TC 80/7+700 
eo FC TCs -400/+700 
(25M FC Tls-400/4+700 


25W FO Tos-400/4400 
+2aW FC TC=-4097+500 


RESISTOR 100K S* ,A@5W FC TC=-400/+800 


REBISTOR 47K S% 


RESISTOR 100K SA .2%W FC TC 


RESISTOR 47K 5% 


»25W FE F03--400/4+809 
460/+8906 


eal FC To=-400/4+800 


RESISTOR 4.7K 5% .2GW FO Tls-400/+706 


RESISTOR 10K 5% 


POW FC T= -4007+799 


RESISTOR 7,52 1% .125W F Til=0+--100 
RESISTOR 2.4K Sx .25% FC T=-4007+700 


RESISTOR 4,47K 1% 1250 F T=04+-106 


RESISTOR 1K 3% 


RCSTSYOR 100K 5% .aSwW FC Te 
RESISTOR S.iK 5%. 


RESISTOR 47 3% 


RESTSTOR S62 1% 
RESISTOR 100 1% 
RESISTOR 370 3% 
RESISTOR 390 5% 


RESISTOR 1.5K 5% .25W FC 7 


RESISTOR 1K 5% 
RESISTOR 1K 1% 
ISTOR S11 1% 
RESISTOR 499 1% 
RESISTOR 1K 1% 


RESISTOR 100 1% 
RESISTOR 1K 1% 
RESISTOR 1K 1% 


RESTSTOR 4.99K 1% ,12a5W fF 


RESTSTOR 190 1% 


RESISTOR 27.44 
RESISTIGR 196 1% 


RIGSISTOR 8.45% 4% .1aSW FT 


23M FC TC=~400/4+609 
H0/+300 
Wort TC: 90/4700 
ow FC TC=-400/ +500 


125K F TC= t+ 100 
1a5W F Tlsd+-100 
2 FC T0400 741600 
625 FG Te 40074600 
-40074+700 


625M FC Tle 40074600 
225M F Te=tr-100 
125W F TO=0+~190 
(125K F TCeg4-109 
125W F TC#O+-100 


1250 F C=b+-100 


WeSW FTC 


ARM OE 
Tcet+-100 
125M F TOs0t-100 


1% .1aSW 6 


125M F TCs0+-100 
+160 


RESISTOR 6.81 1% we FT +~100 
RESESTOR 51,1 1% .425W F TO=d+-100 


RESISTOR 1K 1% 
RESISTOR 10% 1% 


/12hW F TCs 
+1254 F TC 


RESISTOR 4,99K 1% .25m & 


RESISTOR 10K 1% 
RESTSTOR 2K 1% 


RESISTOR 1K 1% 
RESTSTOR 330 3% 


RESISTOR 4.3K 5% 


RESTSTOR S90 SX 
RESISTOR 47 5% 


125W 5 
<125W F Tf 


al 


as y -400/+700 
, me “400/609 
2 "i 490/500 


RESISTOR 6.01K 1% .125W F TC=04~109 


RESISTOR 100 1% 
RESISTOR 10 1% 
RESISTOR 22 5% 
RESISTOR 3, 14k 


Ie FF ECL D-M/s 
CFF TTL 
oP AMP GP TO 


FF TTL S J-K 


/125W F 

1zZ5W FOV 

SW FC T 40/4500 
14 .a@SW F TC#de~1390 


DUAL 
PLOTC DLP 
-EDGE-TRIG COM 


D-TYPID POS -EDGE~TRIE 


“9D PKG 


NEG -EDGE TRIG 


> DRYR TTL & NAND LINE DUAL 4- CNP 
CNTR TTL LG DECD UP/DGWN SYNCHRO 


> OP AMP GP TO 


GP? PKG 


CNTR TTL LS DECD GP/DOWN BYRCHRO 


GAT. TTL. S NAND QUAD 


FTL & Ie 
> FY TTL LG De 


PR TTL L& D- TYPE 


GATE TTL 8 NOR QUAD 2 INP 


re TTL & 9K 
MISC NMOS 
TAY TTL S HE 


NEG ED 


TYPE “TRIG COM 


“EDGE -TRIG COM 


REG WEDGE- TRIG 


X 1- ENP 


GATE TTL GS NAND QUAL 2 -INP 


GATID TTL SN 


AND GUAR 2: INP 


01%21 
@iie2i 
01121 
Q1121 
o1121 


ital 
ott 
b112a1 
01121 
01121 


01421 
61121 
fiid21 
R4AS4G 
01124 


P4546 
Q1i2) 
g1i21 
O1421 
O1121 


24546 
24546 
otiat 
O1ta1 
121 


O1r21 
24546 
24ATAG 
24546 
BAGAE 


AAG4S 
24546 
24546 
24AS46 
24546 


BASYS 
RADAG 
24346 
24546 
245 AG 


BASAG 


CATAL 
9lwe4 
01121 
OL4a1 
gttei 


24546 
BASAL 
24546 
01121 
24546 


04713 
SLUasS 
01295 
P1295 
27014 


01295 
01295 
91293 
DLE9G 
Q1095 


01295 
29480 
31298 
01295 


VRS 


See introduction to this section for ordering information 
*Indicates factory selected value 


Replaceable Parts 


Mfr Part Number 


Cervo 
CH103% 
CHASES 
C01 035 
Cbd 035 


CR244S 
CB4795 
Ce104s 
CR4735 
CRL045 


Ch4A73% 
CHA725 
CBI935 
C4-1/8"T 07321 -F 


cuaaa5 


C4 1/9°TO- 1471-F 
CBA 
CBL0495 
CES 125 
064705 


C4 1/8-T0-S2R-F 
CAs 1/8-TO- 101 F 
CB3915 

CH3P15 

cHigas 


CH 025 

C4 -1/8T0 109 1 F 

C4--1/0-TO-S1ER-F 
V/B- TD APOR- FE 
-A/B TO A0G1-F 


-1/0-TR-1O1 
= 1/8-T01001-F 
A/B-T0-1002-F 
1/8-T9- 

1/ BT 


1/O-TO-2748-F 
“1/B-T8-196R -F 
1/8-T0-B451-F 
“1/B=TO-68L1 -F 
1/8-T0-SAR1-F 


‘1/8-TO-1004 
~1/8-TO=101- 
AB T4991 oF 
~1/9-TO 180 2-F 
“1/B-TO-2004 


C4- 1/B-T0-601 TF 
C4-1/8-TO- tad 

C4 1/8 TO 1092 
CHE205 
CAWl/B-TO31 GT -F 


Metdi sie 
CASI4G 
SN74LG174N 
SN74L874AN 
LM310K 


SN745112N 
OMN749140N 
SN74LS190N 
CASR7T 
GN74ALSLPON 


GN7 400 ON 
5N745112N 
SN74LS174N 
SN74LS17 AN 
SN7 4902" 


SN749112N 
(NES 2004 
Q4N 
24S00N 
SN7AS0 AN 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference 
Designation 


821024 
ALW2S 
AAWW26 
ALTU27 
AaWEB 


Mfr Part Number 


Description 


01295 
01295 
01295 
01295 
91295 


SN748112N 
§N74874N 
§N74674N 
$N74S112N 
SN74L.S3654AN 


1828-0629 Ig FF TTL S J-K NEG-EDGE-TRIS 
1620-0493 IC FF TTL. S D-TYPE POS-EDGE-TRIG 
1B20 -6693 Ie FF TTL S D<TYPE POS-EDGE-TRIG 
1820-0429 IC FF TTL S&S J-K NEG-EDGE-TRIG 
1820~1641 IC DRYR TTL LB BUG DRYR HEX 1-INP 


SN745112N 
§N748112N 
EN7ALSOEN 
SN74S142N 
C41 458T 


04295 
01293 
81295 
01295 
SL.59S 


1920--0629 IC FF TTL S J-K NEGB-EDGE~TRIG 
1820-0629 Ic FF TTL 8 J-K NEG-EDGE-~TRIG 
1620-1144 If GATE TTL, LH NOR QUAD 2 
1820-0629 IC FF TTL S$ 3-K NEG-EDGR-TRIG 
1826~8411 IG Of AMP GP DUAL TO-79 PKE 


AL1Uag 
AZ1WUS0 
ARIUS 
AZUSA 
AZIUZS 


04713 mC10102P 


ALLUS4 3820-0802 IG CATE ECL NOR QUAD 2-iNP 
0340-1716 
1460-1336 


7121-1234 


TERMINAL-STUD GGL--PIN PREGS-MTG 28400 
WIREFORM Cl) BRT«TIN 28480 
LABEL CAUTION 1.925 IN-WD 2.24:IN-LG 28480 


9340-1716 
1460-1336 
7121-1234 


$3325--66523 ATTENUATOR ASEEMELY 26480 03323-66523 


b 


20460 
28480 
28.489 
2B4G0 
20480 


0140-4871 
0160~4571 
0160-3958 
0160-3559 
0460-3558 


CAPACLTOR-FXD .1UF +80~20% SOVEC CER 
CAPACITOR-FXD .1UF 460"20% SOVDC CER 
CAPACITOR-FXD .1UF +-20% SOVDC CER 
CAPACITOR-FXD .1UF +-20% SOVDC CER 
CAPACTTOR-FXD .1UF +-29% SOVDC CER 


9160~4571 
9169-4571 
0460-2558 
9168-3558 
6160-35598 


~utvon 


9160-3358 
0169-3558 
9160-3558 
0169-3558 
8160-3558 


28400 
28480 
RBABD 
28480 
28489 


CAPACITOR-FXD ,2UF +#-20% SOVDC CER 
CAPACITOR-FXD .1UF +-20% SdVDC CER 
CAPACETOR-FXD ,1UF 4-20% SOVDC CER 
CAPACITOR-FXD ,1UF +-20% SQVDC CER 
CAPACITOR -FXD .1UF +~20% SOVDC CER 


9160-3558 

#23010 0460-35598 

Ag3C11 0160-3859 

23C12 01460-5558 
ARSCLS BLED 3S 


6160-3558 
0160-4571 
9140-4571 
0160-4571 


29480 
23480 
28490 
28480 


CAPACITOR~FXD .1UF +-20% SOVOC CER 

CAPACITOR-FXD UF 'BO-20% FOVDC CER 
CAPACLTOR-FXD .1UF +80-20% SAVdC CER 
CAPACTTOR-FXD ,1UF +80-20% SOVDC CER 


$160 -3558 

0160-4571 
AR $169-4571 
A2zC17 0160-4571 


eenw wewin 


A23u30 1251-5064 CONNECTOR 14-PIN M POST TYPE 28480 1251-5064 


9 


28480 
28490 
28480 
28480 


CONNECTGR- PHONO SINGLE PHONG JACK; DIP 
CONNECTOR-PHONG SINGLE PHONO JACK; DIP 
CONNECTOR<~PHONG SINGLE PHONO JACK; DIP 
CONNECTOR-PHONG SINGLE PHONG JACK; DIP 


AZ I1 
A23I2 
A23T3 
anssa 


125 1--R29EP 
LATI- BPO? 
1251-2969 
1251-2969 


1251-2769 


ornrg 


1251-2949 


0470-1141 
0490-1441 
DAPD~1147 
0499-11441 


28489 
28480 
28480 
28490 


RELAY 40 12VC-COTL 12¥pC 
RELAY 40 i2VC-COTL 12406 
RELAY 46 12VC-COTL 12¥DC 
RELAY 40 12VC~-COIL 124aC 


0499~1141 
0490-4141 
9490-1141 
0490-1141 


Ae oK 4 
AB 3K2 
ALIS 
ARIK4 


ere 


0699-0065 
0499-0065 
9699-0273 
FOP? 9274 
MF52C1/4-TP-247R5-B 


28400 
23480 


RESISTOR 31.91 .25% ,5W F To=04-%0 
RESISTOR 51,01 .25% .SW F TC=0+-50 
RESISTOR 2,15K .1% .12@5W F TC=04-25 284Bo 
RESISTOR 350 ,1% .125W F TC=04+~25 23480 
RESISTOR 247,5 .4% .25W F TCelt-25 19791 


0699-0965 
0699-0065 
0499-0273 
0499-0274 
0498-8258 


AZSR1 


guesot a 


ALSR 
AZIRB 
AZIRP 
A2BR10 


698-7984 
1698-79B4 
6499-0066 
1698-7443 
0498-7448 


REGISTOR 61.4 
RESISTOR $1.1 
RESISTOR 664.7 
RESISTOR 100 . 


RESISTOR 100 .1% 


AX, 


SWF 


1% SH OF 


125% 


.25W 


14% . 25M F 


/BoW F 


29460 
28460 
28480 
19701 
19704 


0698-7984 
0698-7984 
2499-0006 
MPS2C1/4~T9-100R~B 
MFS20174-T9- 100R-B 


© Wadpie 


7121-4234 LABEL CAUTION 1.925 IN-WD 2.24-IN-LG 28480 7121-1234 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


® Table 6-3. Replaceable Parts 


Reference HP Part 


Designation | Number Description Mfr Part Number 


CHASSTS AND MISCELLANEGUS PARTS 
~ 20601 SHLD: TOP 


20602 SELD- BOTTOM 
§3325-04104 COVER NO 2 03325-04104 


3160-0209 


a 


FAN-TBAX 45-CFM 115V 50/60-Hz 1.5-THK 28480 31460-0209 
(WITHOUT CABLE} 
FAN (WITH CABLE} 28480 03325-61612 
PUR &PLY 28400 033225 2 
PC aS EG-8CE 20400 
BRY- 28400 

PC ASSY-CONTROL. 28480 
Pt ASSY-FUNCTION 284689 93525-66544 
PC ASSY-HI VOLT (OPT. 002} 28480 03325-66508 

64521 FC ASSY-FFS D/A 28400 03325 -66521 

66503 PC ASSY- ATTEN 2B4B0 03325 66523 
03325-66509 PC-ASSY OVEN (OPT. 001) 28480 03325-66509 
Q150-0012 CAPACTTOR-FXD .G1UF 20% 1KVDC T6289 C023A1027103MS38 
9150-0612 CAPACTITOR-FXD .O1UF 420% IKYDC $6289 Ch22A1 0251034839 
8158-0012 CAPACTTOR~-FXD .QIUF +-20% 1KVDC 56289 C023A1027103NS38 
0150-0012 CAPACITOR: FXD .O1UF +-20% IKDC B6259 CV23AT IATA OSNSAB 


03325-61612 
0332%-66502 
06425-66503 


SN NNO wWA 


WO wo 


2110-0001 
2110-0012 


FUSE 1 259V NTD 1,28%.25 UL PAG B1A00t 
FUSE «SA @50U NID 1,25X.25 UL 2B480 2110-0012 


=o 


ADAPTER-COAX STR Fe BNC F--RCA-PHOND 28480 250-4558 
ADAPTER -COAX STR F BNC F-RCA-PHONG 2B4B0 0-1958 
ADAPTER-COAX STR Fe BNC F-RCA-PHONG 2G4B0 558 
ADAPTER-COAX STR F-BNC F-RCA~PRONG 22480 “1558 
ADAPTER-COAX STR FrENC F--RCA-PHONO 28460 11-1558 


4250-1558 
Te 


NNNNN 


1258-1556 
1250-1558 
1250-1938 
1250-1558 
12590-1558 


ADAP TER-COAX STR F-RNC F -RCA-PHONO 28480 
ADAP TER-COAX SIR F-GNC F~RCA~PHONO 284850 
ADAPTER~COAX STR F-BNC F-RCA-PHONO 2B4B6 
ADAPTER-COAX STR F-BNG F-RCA-PHONG 204080 
ADAP TER -COAX F-ENC F -RCA-PHONO 28480 


NNNINS 


12850-1558 
1250-1558 


ADAPTER-COAX SG Fe BNC F-RCA~PHONG 28480 ‘ 
ADAP TER-COAX STR F-BNC F -RCA~PHOND 20480 4250-1558 


NN 


03325-04301 
5049-4928 
O3325- 29501 
03325-00201 
5049-8803 


PNL “PRESS 28490 03325-04301 
DIVIDER STRIP 28400 3040-6928 
WENDOW 28480 NS325-29501 
SUB PNL-FRT 28480 03325-00201 
FRONT FRAME 28480 3020-8903 


pre re aeerarers 


5049-7202 
5020-8837 
5060-7880 
5040-7219 
5060-9B04 


TRIM TOP 28480 5040-7202 
CORNER STRUT 28480 5020-8837 
SIDE COVER 28480 5160-9089 
STRAP HDL. CAP-FR 28400 S040-7219 
STRAP HDL i161N 28489 30469-9404 


aOar~s ryOooet 


RNS — 


$040 --7226 
5969-9035 
03325-00202 
Sha0-8804 
03525~04402 


STRAP HDL CAP-R 28480 5940-7220 
TOP COVER 20480 3160-9935 
PAL “REAR 28490 63325-00802 
REAR ~CASTING 28460 $929 -8004 
FRAME--MAIN 28409 03325-06602 


~ eee 


SIDE TRIM 28400 5001-0437 
BOTTOM COVER 28460 3060-9847 
FOOT 28489 5040-7201 
TILT STAND SST 20486 1460-1345 
HEAT SINK 20480 03325-24101 


5091-0439 
8040-9947 
5040-7201 
1440-4345 
03325-24101 


sMiots ruDo~ 


et ete 


FILTER SCREEN STEEL. 3,44-WD 3.44-LG 28490 31c0-d220 
INSULATION-POLYE ,25~THK 28489 3150-0227 
FAN GRILLE 28489 J1L0-0201 
CLAMP-CABLE .375-DIA 1-WD NYL 28489 1490-1229 
LITE PIPE 28480 5040-6098 
WASHER, SHOULDERED 28480 00310-48801 
WASHER-FL MTLC 7716 IN 6S IN-TD 29.480 3030-0604 
TERMINAL-SLDR LUG PiL-MTG FOR-#1/2--SCR 28480 0340-1089 
THREADED INSERT-NUT 6-32 .058-IN-LG SST 29480 0529-0153 
INSULATOR-XSTR THRM-CNDCT 28480 0349-0564 
SHIELD -RF 20460 03325-00601 


2150-0220 
3150-9227 
3166-0201 
1400-1229 
5140:-GB99 
00310-48801 
3039-06904 
O360-~ 14089 
OS10-0153 
0340--0564 
94325~00601 


Oude a 


BUN cON OD Ae 
nD 


0683-1015 RESISTOR 106 5% .25W FO TCe-4007+500 01121 CeI015 


oN 


9100-4099 FRANGFORMER -POWER 100/120/220/7240 VAC 26480 9100-4099 
03325-61602 CH. ASSY-SIGNAL 20496 23325-61602 
03325-61617 CBL ASSY-SYNC ' 28400 03325-61417 

40 03325-61601 : CABLE ASSY -— 2-4 REAR 28480 P/O 03325-61601 
8120-2585 UNMARKED W3 28490 B120" 2585 

40 03325-61601 CABLE ASSY - O-20 REAR 28490 P/0 03325-61601 
8120-2585 UNMARKED W4 2348) 8120-2585 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Replaceable Parts 


Table 6-3. Replaceable Parts 


Reference 
Designation 


Description Mfr Part Number 


23489 
28480 
28400 
BB4H0 
ABABD 


CABLE ASSY REAR 
UNMARKED WS 
CARLE ASSY 24AWG 24-CNDCT 
CABLE AGGSY-AMPTD MOD 
URMARIED W? 


SYNC 


a 61401 


bo wae 


“9120-2585 


28400 G61 G91 
26480 
28400 
23480 
28490 
28490 


CAGLE ASESY ~ 108KNZ 
UNMARKED WB 

CABLE ASSY-2 MiIZ 
UNMARKED WD 

CABLE ASGY - 1MHZ 
UNMARKED W19 


P/O 9 


BS S1401 
Bi20- : 


Boar pt 


28480 
29400 
28480 
29490 
28480 


CABLE ASSY-EXTREF 
UNMARKED W11 

CEL ASSY~Z BLIC 
CEL. ASHY-MKR 

CBRL. ASSY 


P/O 932 
5 8120-28 

41604 
N3S25- 61619 
§3525--41626 03325-61620 
2ARAt0 
ag4eo 
28439 
28480 
28480 


CBL ASSY-VTO 

CBL ASSY-OM 

CBL ASSY-PHASE DET 
CAL ASSY~S4&H 
CABLE ASSY~QVEN 


03325-61606 


5-61608 
61609 
03225-51616 


oNota Mw cro 


28400 
28480 
28480 
28490 
28486 


CARLE AGSY ~ HE V1 
CABLE ASSY ~ HI V2 
CHL ASSY-PWR CON 
CEL. ASSY-ALC 

CAL AGGY-MXR 


03325-61405 
a 

03325-81611 
03325-61603 
0%325~61618 


&1ert 
j-H1 605 


28490 
28496 
20480 
20400 
28460 
20460 
29486 


Csi. ASSY-FAN 

CBL ASSY-HP TE 

CEL ASSY~-KEYED 

CABLE ASSY-HIGH AMP POWER COP 002? 
CABLE ASSY-OVEN POWER CO 01> 

FLAT RIBBON ASSY 2G-AWG 14- COND 

FLAT RIBBON ASSY 26-AWE 21-COND S-IN-LG 


03%25-61612 
“61h 
a5 G1614 
P/0 9190-4099 
VS325" 61616 
120" F2is 
8129-3108 


Wea buy Dae oiot 


8120~3108 


H120-3108 
Biz20~-3108 
8120-1340 
Q3325-61601 


20404) 
2R4B0 
BABS 
20480 


FLAT RIBBON ASSY 2B-AWG 21-COND 5~IN-LG 
FLAT RIBEON ASSY 20-AWG 21-COND S-IN-LG 
CABLE ASSY 19A4WG 3-CNDCT BLK-JKT 

CBRL ASSY-COMPLETE INCLUDES W3, 4, 5, 7, 
8, 9, 10, 14 


8120-31908 
0126-3108 
6120-1348 
OSI25-64691 


eG 


03325-61622 
13325-61623 
93325-61623 


28496 
28480 
23480 


SALLE ASSY #15Y 
CALLE ASSY +15V UNREG 
CEL ASSY-CUTPUT 


03325-61622 
03325-61623 
03325-61623 


tts 


2410-0545 FUSEHOLRER CAP BAYONET; 6,34, 250 Max 20486 2L10- 9545 


28480 2110-0543 


ww 


2418-9543 FUSEMOLDER BODY EXTR PST; BAYONET; THD 


00310-48901 
NA3ES- 041405 
03325-90002 
03325-90013 
0360-16160 


0361-0011 


WASHER SHILDR 
COVER 

OP/SVC MANL~A 
OP MANL -A 


Meera 


RIVET: -SEMI-~ TUBULAR 


FERMINAL-SLOR LUG PL-MTG FOR~#4~SCR 


e840 
28480 
28460 
2R4B6 
28486 


28489 


90410-40801 
03325-04165 
03325-99002 
93325-90013 
0360-1616 


BSGI-GO11 


ORDER BY DESCRIPTION 
ORDER BY DESCRIPTION 
0460-1356 
0590-0167 


Evooe 
og000 
28488 
2B4B0 


STANDOFF-RYT~ON .25-IN-G 6-32THD 
STANDOFF-HEX .327~-IN-LG @-32THD 
TAPE-INDL .S-IN-W .0035-IN-T POLYE-FLM 
NUT-THUME 6-32-THD BRS 


0380-0111 
0380-0644 
§460~1336 
0590-9167 


Kor od SOUNDS 


0590-0343 
0624-0208 
ORDER BY DESCRIPTION 
6899-0812 
ORDER BY DESCRIPTION 


20480 
29400 
nooog 
28480 
20508 


THREADED INSERT-NUT 4°40 .068--IN-LG 
SCREW-TPG 4°32 ,SINeLG PAN@HD-POZI STL 
SCREW-TPE 4-40 .25-IN-LG PAN-HO-POZT STL 
SLEEVING -FLEX .B4-TD NEMA~S .016~WALL 
TUBING -H8 .0P3—D/.046-RCVD ,02-WALL 


0590-0343 
0624-0298 
9624-0227 
0870-0012 
9890-0870 


va -rnar 


end 


26480 
84293 
28480 
25400 
28480 


1295-0396 
PLTIN-8 

1490-0719 
2190-0020 
2190-0034 


HEAT SINK 
CABLE TLE 
CABLE TIE 
WASHERLK HLCL NO. S 
WASHER-LK HLCL NO, 10 


1205-0356 
41400-0249 
1400-9719 
2190~0020 
2199-9034 


1062-.625-DLA .a91-WD NYL 

062—1,125-DIA .14-WD NYL 

+128-IN-TD 
«194-IN-TD 


a 


UGweor wes a 
NRNH Be 


28480 
28480 
23400 
boo00 
28494) 


2190-0073 
2190-0575 
2199-0918 
ORDER BY DESCRIPTION 
2200-0104 


HLEL NO. 8 .168-IN-ID 
INTL T 1/2 IN ,64-IN-ED 

HLCL NG, 6 .14%-IN-ED 
(18Q-IN-LG PAN-HD-POZI 
BE-IN“LG PAN-HD-POZI 


2190~0073 
2170-9573 
2190-0918 
2200-0101 
2200-0193 


WASHER-LK 
SCREW-MACH 4-49 
SCREW-MACH 4-40 


eee bD 


NoDewN 
= 


coog0 
oe0co 
bd000 
ggoae 
$0600 


ORDER EY DESCRIPTION 
ORDER BY DESCRIPTION 
DRDER BY DESCRIPTION 
ORDER BY DESCRIPTION 
GRDER RY DESCRIPTION 


1,28-IN-LE PAN-HD-PGZT 
125 IN-LG PAN-HD-POZI 
625 IN-LG 82 DEG 
A5-IN-LG 82 DEG 
1312-IN-LE PAN- HD-PGZT 


SCREW-MACH 4-40 
SCREW-MACH 4-32 
SCREW-MACH 6-32 
SCREW-MACH 6-3e 
SCREW - MACH 6-32 


2200-8123 
2360-0113 


% 


Pune 


ORDER BY DEGCRIPTION 
ORDER BY DESCRIPTION 
2420-00028 

ORDER BY DES 
GRDER BY Dk 


oaden 
oonoo 
20480 
oc000 
oaone 


TS0IN LE PAN HD-POZT 
BCREW-MACH &-32 .S-1N-LG PAN-HD-POZT 
NUT-HEX-DBL “CHAM 6-32°THD .109-IN- THK 
SCREW-MACH 8-32 .@5-IN-LE 190 DEG 

NUT-HEX-DEL“CHAM B-32-THD .125-IN- THK 


2360-01285 
2366-0204 
2420-0002 
2510-0192 
2880-0004 


SCREW-MACH 6-32 


RIPTION 
RIPTION 


STeorowe 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts 


Reference 
Designation 


HP Part 
Number 


3050-0027 
3950-0066 
3050-0716 
3050-0835 
6960-0027 


720-6482 
7120-8539 
9211-2257 
9AR2-0906 
JUMPER 


LUG-JUMPER 


wWouno 


ene wn 


> 


Table 6-3. Replaceable Parts 


Description 


WASHER~FL MTLO NO, 10 .203-IN-ID 

WASHER “FL MTLO NO, G . L427 °IN-ID 
WASHER-FL MTFLE NO. 9 .128-IN- ID 
WASHER-FL NM 9/16 IN .63-IN-ID .75-1N-OD 
PLUG-HOLE ,625 


LABEL-~ INFORMATION ,873-IN-WD 1,725-IN-LG 
LABEL~WARNING 1,3-IN-Wh 1.4-IN~1_G VINYL 
CARTON-CORR ROC 26,.75~-IN-1.G 24, 75-IN-wD 
CHANKEL W/ELASTIC GRIP .S-IN-WD 

CUT JUMPER 


CUT JUMPER 


20480 
26480 
23480 
28480 
29480 


23480 


28480 


20460 
28490 
eB4BD 


28489 


See introduction to this section for ordering informatton 
*Indicates factory selected value 


Replaceable Parts 


Mfr Part Number 


BVGO-B7IG 
3950-0835 
oPot-ada? 


7120-6482 
7120-8549 
9211 
Page 
JUMPER 


LUG JUMPER 


6-29 / 6-30 


Fre t-t Sh (rf ¥ 


TOP VIEW 


BOTTOM VIEW 


fie, e-f Skt met 


~ 7 
Apa) 
ii ane | 


OR 
MP27 MP29 


MP 6 MP IS 


Figure 6-1. Location of Parts. 
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SECTION Vil 
MANUAL BACKDATING 


7-1, Introduction. 


7-2. The contents of this manual apply to all instruments. Earlier versions of this instrument, however, 
differ in design and appearance from those currently being produced. The information in this section 
documents the earlier instrument configurations and associated servicing procedures. Also included 
ig information on recommended modifications for improvements to earlier instruments. 


The following backdating information is organized by service group with All applicable information 
placed together for easy reference. Refer to Table 7-1 for a listing of the 3325A PC assemblies and 
their current (May 1984) revision, 


7-3. Format. 


] 7-4, Design, component, and documentation changes to this instrument are identified by a A symbol. 

: The numbered delta in the text or on a schematic corresponds to the numbered delta shown in the 
heading that precedes the backdating information for that particular service group. When a delta symbol 
ig encountered, the technician should first refer to the corresponding service group in this section. 
Once there, locate the page number where the delta symbol was found and determine if the change 
applies by checking the instrument's serial number against the range given. 


7-5. Change Sheets and Service Notes. 


7-6, As HP continues to improve the performance of the 3325A, corrections and modifications to 
the manual may be required. These changes are documented in a yellow “MANUAL CHANGES” 
supplement. In order to keep the manual up to date, one should periodically request the most recent 
supplement which is available from the nearest HP Sales and Service Office. 


7-7. The instrument related service note is a publication directed toward qualified service personnel 
and is available to all HP Service Centers and customers. The service note conveys service-related 
information that is intended to increase the reliability, improve the performance, and extend the use- 
fulness of your HP instrument. Copies of available service notes can be obtained from your nearest 
HP Sales and Service Office listed at the back of this manual. 


7-1 


Service Model 3325A 


Table 7-1. 3325A Circuit Boards Revisions. : 


Reference Service 
Assembly Dosignator Group(s) Revision 
A2 QO F 


03325-66502 


03325-66503 


03325-66505 
03325-66506 
03325-66508 * 
03325-66509 * 
03325-66514 ** 


03325-66521 *** 


oo 70 >, FPF HA HN 


03325-66523 **** 


* 03325-66508 is the High Voltage Output Option (Opt. 002) 


* 03325-66509 is the High Stability Frequency Referance Option (Opt. 001) 


*“* In 3325A’s with serial number 1748401900 or below, the part number for this assembly was 
03325-66504 (A4}, 


*#* In 3325A’s with serial number 1748402475 or below, the part number for this assembly was 
03325-66501 (At). 


**** Jp 3395A's with serial number 1748400700 or below, the part number for this assembly was 
03325-66507 (A7). 


7-8. Backdating Information. 


7-9, Service Group A - Keyboard and Display (03325-66505) A1. 


7-10. A5 - Past to Present. Table 7-2 briefly summarizes the engineering effort that has brought A5 
to its current revision. 


Table 7-2. A5 Board Revisions. 


Instramants Shipped 
With This Revisian* 


1748400101 - 1748402911 


Board 
Changes 


Board 
Revision 


went Rev B when board was 
modified to simplify manuf. proce- 
dura. No circuit or layout changes, 


1748A02912 - 1748A03725 


went Rev G when PC traces were 
moved. No circuit or comp. layout 
changas. 


* Note thar all serial number ranges are approximate. 


1748A03726 - Present 


7-2 


Made! 3325A 


7-11. All AS board revisions are identical in design and component layout. 
7-12. Service Group B - HP-IB Circuits (P/O 03325-66506) A2. 


7-13. A6 - Past to Present. Table 7-3 briefly summarizes the engineering effort that has brought A6 
to its current revision. 


Table 7-3. AG Board Revisions. 


Board Instrumants Shipped Board 
Ravision With This Revision’ Changes 


1748400101 - 1748400130 - 


1748400131 - 1748400230 went Rev B when test points were 
added. : 


1748400231 - Present went Rev C whan design changes 
were made to improve #P interrupt 
ckty. See Sarvice Group C. 


* Note that all serial number ranges are approximate. 


7-14, There have been no design or component layout changes to the HP-IB section of the A6é assembly. 


If the A6 assembly (03325-66506) is replaced in instruments with serial number 1748404250 or below, 
there may be a compatibility problem between the older cables used in the instrument and the connec- 
tors on the new board. Refer to paragraph 8-113 in Section VIII if replacement of A6 is necessary. 


7-15. Service Group C - Control Circuits (P/O 03325-66506) A2. 


7-16. AG - Past to Present. Table 7-4 briefly summarizes the engineering effort that has brought A6é 
to its current revision. 


Table 7-4. AG Board Revisions. 
Board Instruments Shipped Board 
Ravision With This Revision* Changes 
1748A00101 - 1748A00130 = 


1748400131 - 1748400230 went Rev B when test points were 
added. 


1748A00231 - Present went Rev C when design changes 
were made to improve gP interrupt 
ckty. 


* Note that all serial number ranges are approximate. 


7-17, The following backdating information pertains to the Control Circuits portion of the Aé assembly. 


A2 - Page 8-C-37, Figure 8-36. 


Affected instruments: serial numbers 1748A00230 and below. 


Service 


Service 


Model 3325A 


The above range of instruments do not have R2 (7.5kQ p/n 0683-7525), CR2 (p/n 1901-0040), or 
C7 (0.014F p/n 0160-3847). These instruments also contain the following processor interrupt circuitry 


involving U42 and U34. 
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SERVICING INFO, 


g 
€ 


@ PROGEAr 


afin 
TOvEts,10) 


ROM DibARLe 
L dy (CPEN* DisaBce) 
FROM 


th) = 


Dale 
1A Hie CLOCK 
Feo VISE) 


SOURCE Gate, 


£ 
z 
q 
g 
2 


pdeTseRet  & 


12 MHZ CLOCK 
KACHIE -TO= PROC ESEOR FROM US) 
Bur 


=<, 


Bus ADRES ==, 


Figure 7-1. Processor Interrupt Circuitry {Serial Numbers 1748A00230 and Below‘). 


* All part numbers remain the same. 
A2 Page 8-C-37, Figure 8-36. 


Affected instruments: serial numbers 1748A02600 and below. 


The above range of instruments contain resistors R11 and R12 (p/n 0683-1825). See Figure 7-2 for 


schematic and board location. 


—RI9— 


—CRi~ 
RES 


Figure 7-2. Schematic and Board Location of R11 and R12 (Serial Numbers 1748A02600 and below). 


Model 3325A 


A2 - Page 8-B-11, 8-C-37, Figure 8-32, 8-36. 
Affected instruments: serial numbers 1748A04250 and below. 


Instruments in the above range may have an A6 board which contains connectors J2, J3, J4, (p/n 
1251-4494) for use with cables W31, W32, W33 (p/n 8120-2577). These older (black) connectors and 
(white) cables have been replaced on newer boards by more reliable connectors (orange - p/n 1251-6567) 
and cables (gray - 8120-3108). The newer connectors are incompatible with the older cables as are 
the newer cables incompatible with the older connectors. If the A6é board in the above instruments 
is replaced, the connectors on the older destination assemblies (A3, A14(4), A21(1)) will have to be 
changed also, See paragraph 8-113 in Section VIII for more information. 


Note also that on the older A6 boards used in the above instruments, cable W36 (p/n 03325-61622) 
was used to carry supply current to the Al4(4) board in parallel with W33, With the newer cables 
on the newer boards, W36 is not needed, However, if one chooses to modify the newer board to use 
the older (1251-4494) connectors and cables (8120-2577), W36 is required. 


A2 - Page 8-C-37, Figure 8-36. 
Affected instruments: All 
Due to earlier fabrication processes, it was necessary to pad the value of A6R8 in order to set the 


nanoprocessor’s (A6U9) backgate voltage (V,,,) to the voltage stamped on the processor. Briefly, 
processors stamped with the following voltages require the corresponding padded values for A6R8: 


Veg A5RS* -hp- Part Number 
—2.0V 34.8k 0757-0123 
—2.5V 26.7k 0698-4488 
-3.0V 21.5k 0757-0199 
—3.5V 17.4k 0698-4482 
—4.0V 14,7k 0698-3156 
-4.5V 12.7k 0698-3359 
=SAy 9,53k 0698-4020 


Note that the nanoprocessor’s fabrication process has been controlled to the extent that V,,, on all 
processors is now —5.0V. Therefore, if A6U9 is replaced (p/n 1820-1691), insure that A6R& is 9.53kQ. 


7-18, Service Group D - Voltage Controlled Oscillator Shield (P/O 03325-66521) A3. 


7-19, A21 - Past to Present. Table 7-5 summarizes the engineering changes that have brought A21 
to its current revision. 


Service 
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Model 3325A 


Service 
Table 7-5. A21(A1) Board Revisions. 
Board instruments Shipped Board ® 
Ravision With This Revision* Changes 


Al -RevA 1748A00101 - 1748A00230 rare 


- Rev B 1748A00231 - 1748402475 went Rev B when U25 and assoc. 
ckty were added to reclock HINV 


to the Frac. N IC. See Svc. Grp. E. 


A21-RevA 1748A02476 - 1748A02600 went A21 Rev A following rede- 
sign and layout of the VCO, plus 


mod. to the S/H ckty. See Svc. 
Grps. D, E, F. 


1748A02601 - 1748A07390 Rev B boards are identical to Rev 
A, with the exception of PC trace 


location. 


1748A07391 - Present went Rev C following mod. to 
VCO ckty. See Svc. Grp. D. 


* Note that all serial number ranges are approximate. 


7-20. The following backdating information pertains to the VCO portion of the A21(A1) assembly. 


A3 - Page 8-D-7/8-D-8, Figure 8-37. 


Affected instruments: serial numbers 1748A02475 and below. 


The above range of instruments contain an 03325-66501 assembly with the VCO design and layout 
shown in Figure 7-3. Note that in instruments with serial numbers 1748A00231 to 1748A02475, A1C177 


is tied to + 5V. 


SOLTHBE 
SSS Ou TRL ED 


@ cusator 


yee 
ADT 
ae A BRT Biodud! 
Cred - 
2 i 


e 
elo l ad 


ee 


Towa Tews “Legs ee 


t | 


erat 

Pr NS 
cl A Cites 
a " 


lias 


‘Ci6€? 


ao -R1BI 


o> 


Figure 7-3. VCO Circuitry - Serial Numbers 1748A02475 And Below. 
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A3 - Page 8-D-7/8-D-8, Figure 8-37. 


) 


Affected instruments: serial numbers 1748A02476 to 1748A03225. 


The preceding range of instruments contain the VCO circuitry shown in Figure 7-4, but do not have 
R216. 


A3 - Page 8-D-7/8-D-8, Figure 8-37. 
Affected instruments: serial numbers 1748A03226 to 1748A07390, 


The preceding range of instruments contain the VCO circuitry shown in Figure 7-4. 


VOLTAGE CONTROLLED OSCILLATOR 
nN 30-60 MH2 


+15¥ 


R186 R184 = C4.74 
$11 06 
ASV 1K 1009F 


C178 44.0173 C162 R216 ; 
R173 Ton 22 “5 3.16K pe CR163 R201 
100K 
W 


R187 
439 


¥C0 ADJ. 
297~363uH 
Ri36 
27, 4K 


C176 = R200 
470pf 51.1 


ee aaa aces 
c162 -Lcie6 +L 145 
i 1 g3 po 


Figure 7-4. VCO Circuitry - Serial Numbers 1748A03226 to 1748A07390. 


For instruments with serial numbers 1748A02476 to 1748A04675, refer to Service Note 3325A-9 if 
necessary for a modification procedure to prevent oscillator failures. 


A3 - Page 8-D-7/8-D-8, Figure 8-37. 
Affected instruments: serial numbers 1748A04250 and below. 


Instruments in the preceding range may have an A21(A1) board which contains connector J1 (p/n 
1251-4494) for use with cable W31 (p/n 8120-2577). The older (black) connector and (white) cable 
have been replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable 
(gray - p/n 8120-3108). The newer connectors are incompatible with the older cables as are the newer 
cables incompatible with the older connectors. If the A21(A1) assembly is replaced in one of the above 
instruments, refer to paragraph 8-113 in Section VIII for additional information on connector/cable 
compatibility. 


7-21. Service Group E - + N.F Counter (P/O 03325-66521) A3. 


7-22. A21 Past To Present. Table 7-6 summarizes the engineering changes that have brought A21 
to its current revision. 
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Table 7-6. A21(A1) Board Revisions. 


Board Instruments Shipped Board 
Ravision With This Revision* Changes 


Al - RevA 1748A00101 - 1748A00230 _ 


- Rev B 1748A00231 - 1748A02475 went Rev B when U25 and assoc, 
ckty were added to reclock HINV 
to the Frac. N IC. See Svc. Grp. E. 


A21-RevA 1748A02476 - 1748A02600 went A21 Rev A following rede- 
sign and layout of the VCO, plus 


mod, to the S/H ckty. See Svc. 
Grps. D, E, F. 


1748A02601 - 1748A07390 Rev B boards are identical to Rev 
A, with the exception of PC trace 
location. 


1748A07391 - Present went Rev C following mod. to 
VCO ckty. See Sve. Grp. D. 


*Note that all serial number ranges are approximate. 


7-23. The following backdating information pertains to the + N.F Counter portion of the A21(A1) 
assembly. 


A3 - Page 8-E-3/8-E-4, Figure 8-38. 
Affected instruments: serial numbers 1748A0230 and below. 


The above range of instruments contain the HINV clocking circuitry shown in Figure 7-5. 


Note — the -hp- part number for U5 is 1820-1112. 
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Figure 7-5. HINV Clocking Circuitry - Serial Numbers 1748A00230 And Below. 
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A3 - Page 8-E-3/8-E-4, Figure 8-38. 

Affected instruments: serial numbers 1748A01200 and below. 
The preceding range of instruments do not have R146. 

A3 - Page 8-E-3/8-E-4, Figure 8-38. 

Affected instruments serial numbers 1748A02475 and below. 


The preceding range of instruments contain the U8 gating circuitry shown in Figure 7-6. 


a AN Ele ng C37 pee Teas 
LON 


¢ oN eee is 


: | 
Figure 7-6. A21U8 Gating Circuitry - Serial Numbers 1748A02475 and Below. 


@ A3 - Page 8-E-3/8-E-4, Figure 8-38. 
; Affected instruments: serial numbers 1748A02476 to 1748A07390. 


The above range of instruments contain the U8 gating circuitry shown in Figure 7-7. 


+2/+3 TD REMOVE A ¥YCO CYCLE 


3 WHEN A IS HIGH 


PULSE REMOVE 
“= TIMING LATCHES 


Figure 7-7, A21U8 Gating Circuitry - Serial Numbers 1748A02476 to 1748A07390. 
A3 - Page 8-E-3/8-E-4, Figure 8-38. 
Affected instruments: serial numbers 1748A04250 and below. 


Instruments in the preceding range may have an A21(A1) board which contains connector J1 (p/n 
1251-4494) for use with cable W31 (p/n 8120-2577). The older (black) connector and (white) cable 
have been replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable 

®@ (gray - p/n 8120-3108). The newer connectors are incompatible with the older cables as are the newer 
cables incompatible with the older connectors. If the A21(A1) assembly is replaced in one of the above 
instruments, refer to paragraph 8-113 in Section VIII for additional information on connector/cable 
compatibility. 
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7-24. Service Group F - Fractional N Analog Circuits (P/O 03325-66521) A3. rs 


7-25, A21 Past To Present. Table 7-7 summarizes the engineering changes that have brought A21 
to its current revision. 


Table 7-7. A21(A1) Board Revisions. 


Board Instruments Shipped Board 
Revision With This Revision* Changes 


Al - RevA 1748A00101 - 1748A00230 = 


went Rev B when U25 and assoc. 
ckty were added to reclock HINV 
to the Frac. N IC. See Svc. Grp. E. 


1748A00231 - 1748A02475 


- Rev B 


1748402476 - 1748A02600 went A21 Rev A following rede- 
sign and layout of the VCO, pius 
mod. to the S/H ckty. See Svc. 


Grps. D, E, F. 


A21 - RevA 


Rev B boards are identical to Rev 
A, with the exception of PC trace 
location. 


1748A02601 - 1748A07390 


1748A07391 - Present 


went Rev C following mod. to 
VCO ckty. See Svc. Grp. D. 


* Note that all serial number ranges are approximate. 


7-26. The following backdating information pertains to the Fractional N Analog Circuits portion of 
the A21(A1) assembly. 


A3 - Page 8-F-5/8-F-6, Figure 8-39. 
Affected instruments: serial numbers 1748A02475 and below. 


This range of instruments contain the integrator and phase modulation circuitry shown in Figure 7-8. 


He] 


fe PHASE MODULATICN === Wp? 


Figure 7-8. Integrator and Phase Modulation Circuitry - Serial Numbers 1748402475 and Below. 
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@ This same range of instruments contain the Sample/Hold circuitry shown in Figure 7-9. 
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®@ Figure 7-9. Sample/Hoid Circuitry (Serial Numbers 1748A02475 and Below). 


sume PHASE MOGULATICN) —numetee uaz, 


In the Sample/Hold Circuitry of Figure 7-9, R107 may be one of the following padded values: 


750Q 0757-0420 
3742 0698-4452 
13302 0757-0317 
20000 0757-0283 


A3 - Page 8-F-5/8-F-6, Figure 8-39. 

Affected instruments: serial numbers 1748A02850 and Below. 

These instruments do not have C33. C33 was added to reduce Fractional N spurs at 20MHz. 
A3 - Page 8-F-5/8-F-6, Figure 8-39. 

Affected instruments: serial numbers 1748A02476 to 1748A07390. 


These instruments contain the Sample/Hold circuitry shown in Figure 8-39. These instruments do 
not, however, have CR20. 


A3 - Page 8-F-5/8-F-6, Figure 8-39. 


Affected instruments: serial numbers 1748A04250 and below. 


Instruments in this range may have an A21(A1) board which contains connector J1 (1251-4494) for 
use with cable W31 (p/n 8120-2577). The older (black) connector and (white) cable have been replaced 
e& on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray - p/n 8120-3108). 
The newer connectors are incompatible with the older cables as are the newer cables incompatible 
with the older connectors. If the A21(A1) assembly is replaced in one of the above instruments, refer 
to paragraph 8-113 in Section VIII for additional information on connector/cable compatibility. 
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7-27. Service Groups D and G - VCO Buffer (P/O 03325-66503), 30MHz Reference and Dividers 
(P10 03325-66503) A4. a 


7-28. A3 - Past to Present. Table 7-8 briefly summarizes the engineering changes that have brought 
A3 to its current revision. 


Table 7-8. A3 Board Revisions. 


Instruments Shipped 
With This Revision“ 


1748A00101 - 1748A00470 


Board 
Changes 


Board 
Revision 


AZ - RevA 


went Rev B with modification to 
20MHz LPF. See Svc. Grp. H. 


- Rev B 1748400471 - 1748A04675 


went Rev C when modifications 
were made to the mixer driver and 
multiplier ckty. 


* Note that all serial number ranges are approximate. 


7-29. There is no backdating information for the A3 VCO Buffer circuitry at this time. 


1748A04676 - Present 


- Rev © 


7-30. The following backdating information pertains to the 30MHz reference and divider portion of 
the A3 assembly. 


A4 - Page 8-G-3/8-G-4, Figure 8-40. 


Affected instruments: serial numbers 1748A00620 and below. 


The preceding range of instruments contain the biasing circuitry for U14 shown in Figure 7-10. Com- 
ponents unique to this design include: 


A3R71 10kQ p/n 0683-1035 A3R74 10kQ p/n 0683-1035 A3R89 4.7kQ p/n 0683-4725 
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Figure 7-10. U14 Biasing Circuitry (Serial Numbers 1748400620 and Below). 
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A4 - Page 8-G-3/8-G-4, Figure 8-40. 

Affected instruments: serial numbers 1748A02600 and below. 
The preceding instruments do not have C20. 

A4 - Page 8-G-3/8-G-4, Figure 8-40. 


Affected instruments: serial numbers 1748A04675 and below. 


The preceding range of instruments contain the sine amplitude control and amplitude modulation 
circuitry shown in Figure 7-11. These instruments also do not have A3R85 or A3R90 (see Figure 8-40). 
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Figure 7-11. Sine Amplitude Control and Amplitude Modulation Circuitry (Serial Numbers 1748A04675 
and Below). 


A4 - Page 5-3, paragraph 5-13. 


Affected instruments: serial numbers 1748404675 and below. 


For these instruments, the following Amplitude Calibration adjustment procedure should be used. 


Equipment Required: b. Disconnect cable W7 from A3J7; 

Oscilloscope (-hp- Model 1740A) 

10:1 Oscilloscope Probe (-hp- Model 10041A) CAUTION 

DC Power Supply (-hp- Model 6214A) 

Oscillator (-hp- Model 204C) Do not allow disconnected cable con- 

AC Digital Voltmeter (-hp- Model 3466A) nectors to contact the printed circuit 
board or components, or circuits may 

a. Set the 3325A as follows: be damaged. 

Function i seca os Bas Pes eas ees Sine c. Adjust the dc power supply output to approx- 

Frequency ....... 0.0... cece cece ence 1kHz imately +3V and connect between the center 

Amplitude............ 0.00. cece wees 1Vp-p contact of A3J7 and ground. 

DC Offset. 2:4 eecedanthlaned ca owes ImV 

Amplitude Modulation ................. On d. Disconnect cable W23 from A3J23. 


Service 
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e. Measure the oscillator (-hp- 204C) output with i. Adjust Offset Out (A3R68) to return the os- 


the ac digital voltmeter and adjust the output lev- cillogcope trace to the center line (OVdc). 

el to approximately 1Vrms at a frequency of 

1kHz. Connect the oscillator output between the j. Disconneci the dc power supply and the oscil- 
center contact of A3J23 and ground. lator and reconnect cables W7 and W23. 

f, Connect the oscilloscope through a 10:1 probe k. Set 3325A amplitude modulation off. 

to A3TP4. Set the oscilloscope input to ac cou- 

pled, sweep to tms/div. 1, Connect an ac digital voltmeter to the 3325A 


signal output. 
g. Adjust the de power supply output voltage to 


null out the sine wave signal on the display. m. Press the AMPTD CAL key. 
(Change the oscilloscope vertical gain as neces- 
sary to observe the signal.) n. Adjust Offset In (A3R33) for a voltmeter 


reading of 0.707Vrms., 
h. Ground the oscilloscope input and zero the 
trace on the center line. Set the input to de o. Repeat steps m and n until the output voltage 
coupled. of 0.707Vrms does not change when the AMPTD 
CAL key is pressed. 


Ad - Page 8-G-3/8-G-4, Figure 8-40. 
Affected instruments: serial numbers 1748A04250 and below. 


Instruments in the preceding range may have an A3 assembly which contains connector J1 (p/n 
1251-4494) for use with cable W33 (p/n 8120-2577). The older (black) connector and (white) cable 
have been replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable 
(gray - p/n 8]20-3108). The newer connectors are incompatible with the older cables as are the newer 
cables incompatible with the older connectors. If the A3 assembly is replaced in one of the above 
instruments, refer to paragraph 8-113 in Section VIII for additional information on connector/cable 
compatibility. 


7-31, Service Group H - Mixer (P/O 03325-66503) Ad. 


7-32. A3 - Past to Present. Table 7-9 briefly summarizes the engineering changes that have brought 
A3 to it current revision. 


Tahle 7-9. A3 Board Revisions. 


Board Instruments Shipped Board 
Revision With This Ravision* Changes 


1748400101 - 1748400470 a 


1748400471 - 1748404675 went Rev B with modification to 
20MHz LPF. 


1748A04676 - Prasent went Rev C when modifications 


were made to the mixer driver and 
multiplier ckty. 


* Note that all serial number ranges are approximate. 
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7-33. The following backdating information pertains to the mixer portion of the A3 assembly. 
A4 - Page 8-H-3/8-H-4, Figure 8-41. 

Affected instruments: serial numbers 1748A00470 and below. 

Instruments in this range do not have A3R126 or A3C120. 

A4 - Page 8-H-3/8-H-4, Figure 8-41. 

Affected instruments: serial numbers 1748404675 and below. 


These instruments contain the mixer driver circuitry shown in Figure 7-12. Note that the part number 
for A3U16 in this earlier design was 1858-0015. 
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Figure 7-12. Mixer Driver Circuitry (Serial Numbers 1748A04675 and Below). 


If reliability problems with U16 are encountered in these earlier instruments, refer to Service Note 
3325A-7. This service note describes a check of the mixer driver current and subsequent adjustment 
to reduce the current, thereby improving U16’s reliability. Note that the performance test steps and 
adjustments referred to in this service note may not correspond directly with the steps currently found 
in Sections IV and V. 


If status byte problems are encountered in instruments with serial number 1748A01300 and below, 
change C8 to a 22uF capacitor (p/n 0180-0228). 


7-34. Service Group | - D/A Converter And Sample/Hold (P/O 03325-66514) A5. 


7-35, Al4 - Past To Present. Table 7-10 briefly summarizes the engineering and manufacturing changes 
that have brought A1l4(A4) to its current revision. 
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Tahle 7-10. A14{A4} Board Revisions. 


Board instruments Shipped Board é& 
Ravision With This Revision” Changes . 


A4 - Rev B** 1748400101 - 1748A00190 


- Rev Cc 1748A00191 - 1748400470 went Rev C following PC trace 
and many. mods. 


- Rav D 1748400471 - 1748A01075 went Rev D following manu. 
changes and the addition of 
CR108, CR109, and R55. 


1748401076 - 1748401900 want Rev E following mods. to the 
relay driver and dc offset control 
portion of A4. 


Al4- RavA 1748A01901 - 1748A08780 went A14 Rev A when output 
amp (Svc. Grp. K) was re- 
dasigned. R142 was also added. 


1748408791 - 1748A14537 went A14 Rev B with changas to 
de offset and amptd. control cir- 
Guitry. 


1748A14538 - Present went A14 Rev C following PC 
trace mod. to laveal cormp. (U42) 
ckty. 


* Note that all serial number ranges aré approximate, 


** No Ad Rev A boards were ever produced, 


7-36, The following backdating information pertains to the DAC and Sample/Hold portion of Al4(A4). 
A5 - Page &-I-5/8-J-6, Figure 8-42. 

Affected instruments: serial numbers 1748A00150 and below. 

These instruments do not have CR108. 

Affected instruments: serial numbers 1748400470 and below. 

Instruments in this serial number range do not have CR109 or R55, 

AS - Page 8-1-5/8-L-6, Figure 8-42. 

Affected instruments: serial numbers 1748401900 and below, 


For instruments in this serial number range, R40 is 20kQ p/n 2100-0558. 


Affected instruments: serial numbers 1748A04250 and below. 


Instruments in this range may contain an Al4(A4) board which contains connector J1 (p/n 1251-4494) 
for use with cable W32 (p/n 8120-2577). The older (black) connector and (white) cable have been 
replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray - 
p/n 8120-3108). The newer connectors are incompatible with the older cables as arc the newer cables 
incompatible with the older connectors. If the Al4(A4) assembly is replaced in one of the above in- 
struments, refer to paragraph 8-113 in Section VIEI for additional replacement information. 
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Note also that on the older Al4(A4) boards, cable W36 was used to carry supply current from the 
A6 assembly to Al4(A4), With the newer cables on the newer boards, W36 is not needed. However, 
if one chooses to modify a newer board to use the older (1251-4494) connectors and cables (8120-2577), 


W36 is required, 


7-37. Service Group J - Function Circuits (P/O 03325-66514) A5., 


7-38. Al4 - Past To Present. Table 7-11 briefly summarizes the engineering and manufacturing changes 


that have brought Al4(A4) to its current revision. 


Tahie 7-11. A14(A4) Board Revisions. 


Board Instrumants Shipped 
Revision With This Revision* 


A4 - Rev B** 1748400101 - 1748A00190 


»Ravc 1748A00191 « 1748A00470 


- Rev D 1748400471 - 1748401075 


1748A01076 - 1748A01900 


1748A01901 - 1748408790 


1748408791 - 1748A14537 


1748A14538 - Present 


Board 
Changes 


went Rev € following PC trace 
and manufacturing modifications. 


went Rev D following manuf. 
changes and the addition of 
CR108, CR109, and R55. 


went Rev E following mod. to the 
relay driver and de offset control 
portion of A4. 


went A14 Rav A when output 
amp (Svc. Grp. K) was re- 
designed, R142 was also added. 


went Rev B with changes to dc 
offset and amptd. control circuitry. 


went Rev C following PC trace 
mod. to level comparator (U42) 
ckty. 


* Note that all serial number ranges are approximate. 


*“* No A4 Rev A boards were ever produced. 


7-39. The following backdating information pertains to the function circuits portion of A14(4) 


AS - Page 8-J-7/8-J-8, Figure 8-43, 


Affected instruments: serial numbers 1748A00190 and below. 


These instruments do not have R220. R220 was added to increase the usefulness of the Amp-In test 
point by providing a load for current sources feeding the output amplifier, Voltages can then be meas- 


ured across this resistor. 


A3 - Page 8-J-7/8-J-8, Figure 8-43. 


Affected instruments: serial numbers 1748401075 and below. 


These instruments contain the de offset control circuitry shown in Figure 7-13. 
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Figure 7-13. DC Offset Control (Serial Numbers 1748A01075 and Below). 


Affected instruments: serial numbers 1748A08790 to 1748401076. 


These instruments contain the dc offset control circuitry shown in Figure 7-14. 
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Figure 7-14. DC Offset Control (Serial Numbers 1748A08796 to 1748A01076)}. 


AS - Page 8-J-7/8-J-8, Figure 8-43. 


Affected instruments: serial numbers 1748A02350 and below. 


These instruments do not have CR110. See Service Note 3325A-5A for a modification procedure to 
improve square wave phase control in these instruments. 
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Refer to paragraph 8-113 if board replacement is necessary. 
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Affected instruments: serial numbers 1748A05826 to 1748A08790. 


These instruments contain the amplitude control circuitry shown in Figure 7-16. & 


AMPLITUDE 
FROM U23 (6) 


Figure 7-16. Amplitude Control Circuitry (Serial Numbers 1748A05826 to 1748A08790). 


A5 - Page 8-J-7/8-J-8, Figure 8-43. 
Affected instruments: serial numbers 1748A08790 and below. 


These instruments do not have U36. In these instruments, pin 8 or 9 of U34 is connected to R101 @ 
via a jumper wire. 


AS - Page 8-J-7/8-J-8, Figure 8-43. 

Affected instruments: serial numbers 1748A08790 and below. 
Instruments in this serial number range do not have CRI11 or R278. 
A5 - Page 8-J-7/8-J-8, Figure 8-43. 

Affected instruments: serial numbers 1748A04250 and below. 


These instruments may have an A14(A4) board which contains connector J1 (p/n 1251-4494) for use 
with cable W32 (p/n 8120-2577). The older (black) connector and (white) cable have been replaced 
on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray - p/n 8120-3108). 
The new connectors are incompatible with the older cables as are the newer cables incompatible with 
the older connectors. If the Al4(A4) assembly is replaced in one of the above instruments, refer to 
paragraph 8-113 in Section VIII for additional replacement information. 


7-40. Service Group K - Output Amplifier (P/O 03325-66514) A5. 


7-41, Al4 - Past To Present. Table 7-12 briefly summarizes the engineering and manufacturing changes 
that have brought A14 to its current revision. 


7-42. The following backdating information pertains to the Output Amplifier portion of A14(A4). 
A5 - Page 8-K-5/8-K-6, Figure 8-44. 


Affected instruments: serial numbers 1748401900 and below. 


These instruments contain the output amplifier design shown in Figure 7-17. 


i] 
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Table 7-12. A14 (A4) Board Revisions. 


Service 


Board Instruments Shipped Board 
Revision With This Revisian* Changes 


A4 - Rev B** 1748A00101 - 1748A00190 


- Rev C 1748A00191 - 1748A00470 


- Rev D 1748A00471 - 1748A01075 


1748A01076 - 1748A01900 


A14 - Rev A 1748A01901 - 1748A08790 


1748A08791 - 1748A14537 


1748A14538 - Present 


went Rev C following PC trace 
and manufacturing modifications. 


went Rev D following manuf. 
changes and the addition of 
CR108, CR109, and R55. 


went Rev E following mod. to the 
relay driver and dc offset control 
portion of A4. 


went A14 Rev A when output 
amp (Svc. Grp. K) was re- 
designed. R142 was also added. 


went Rev B with changes to dc 
offset and amptd. control circuitry. 


went Rev C following PC trace 
mod. to level comparator (U42) 
ckty. 


* Note that all serial number ranges are approximate. 


** No A4 Rev A boards were ever produced. 
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Figure 7-17. Output Amplifier (Serial Numbers 1748A01900 and below). 
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Affected instruments: serial numbers 1748401900 to 1748A00190. 


Refer to Figure 7-17. Instruments in this range contain diodes CR222 and CR223 connected between 
pins 4 and 1 of A4U46. Note that the anode end of CR223 is connected to pin 4 and the anode end 
of CR222 is connected to pin 1. Referring again to Figure 7-17, these instruments also contain diodes 
CR224 and CR225. CR224 (cathode) is connected from the base of Q211 to the collector of Q211. 
CR225 (anode) is connected from the base of Q204 to the collector of Q204. Modify Figure 7-17 as 
necessary to show these components. 


AS5 - Page 8-K-5/8-K-6, Figure &-44. 
Affected instruments: serial numbers 1748A04250 and below. 


Instruments in this range may contain an A14(A4) board which has connector J] (p/n 1251-4494) 
for use with cable W32 (p/n 8120-2577). The older (black) connector and (white) cable have been 
replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray - 
p/n 8120-3108). The newer connectors are incompatible with the older cables as are the newer cables 
incompatible with the older connectors, If the Al4(A4) assembly is replaced in one of the above in- 
struments, refer to paragraph 8-113 in Section VIII for additional replacement information. 


7-43. Service Group L - Attenuator (03325-66523) and Relay Drivers (P/O 03325-66514) A5, A6. 


7-44, A23 - Past to Present. Table 7-13 briefly summarizes the engineering and manufacturing changes 
that have brought A23(A7) to its current revision. Refer to Tables 7-10, 7-11, 7-12, or 7-14 for revi- 
sion information on Al4(A4). 


Tabla 7-13. A23(A7) Board Revisions. 


Board Instruments Shipped Board 
Revision With This Revision* Changes 


A7-RevA 1748400101 - 1748A00540 ae 


A23 - Rev A 1748400541 - 1748A00950 went A23 Rev A following design 
changes to improve the R/F perfor- 


mance of the atten. 


1748A00951 - Present went A23 Rev B following PC 
trace layout modification. 


* Note that all serial number ranges aré approximate. 


7-45. The following backdating information pertains to the Attenuator assembly (03325-66523(07)). 
A6 - Page 8-L-3/8-L-4, Figure 8-45. 


Affected instruments: serial numbers 1748400540 and below. 


Instruments in this serial number range do not have C15, C16, or C17. 


A6 - Page §-L-3/8-L-4, Figure 8-45. 


Affected instruments: serial numbers 1748A04400 and below. 


Tadd 
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Instruments in this serial number range have an A23(A7) assembly which contains connector J30 (p/n 
1251-4390) for use with cable W30 (p/n 8120-2576). The older (black) connector and (white) cable 
have been replaced on newer boards by a more reliable connector (orange - p/n 1251-5064) and cable 
(gray - p/n 8120-3216). The newer connector is incompatible with the older cable.as is the newer cable 
incompatible with the older connector. If the A23(A7) assembly is replaced in one of the above in- 
struments, refer to paragraph 8-113 in Section VIII. Note that similar connector/cable changes have 
been made to other assemblies beginning with serial number 1748A04250. 


7-46. The following backdating information pertains to the relay driver portion of A14(A4). 

AS - Page 8-L-3/8-L-4, Figure 8-45. 

Affected instruments: serial numbers 1748A01075 and below. 

Instruments in this serial number range contain the relay drive circuitry shown in Figure 7-18. Note 


that serial numbers 1748A01075 to 1748A00231 have a capacitor (C265 10uF p/n 0180-0374) shunt- 
ing R80. 


K FROM OUTPY 
AMPLIFIER 


Figure 7-18. Relay Drive Circuitry (Serial Numbers 1748A01075 and Below). 
A5 - Page 8-L-3/8-L-4, Figure 8-45. 
Affected instruments: serial numbers 1748A04400 and below. 


Instruments in this range may have an Al4(A4) board which contains connectors J1 (p/n 1251-4494) 
and J30 (p/n 1251-4390) for use with cables W32 (p/n 8120-2577) and W30 (p/n 8120-2576). The 
older (black) connectors and (white) cables have been replaced on newer boards by more reliable con- 
nectors J1 (orange - p/n 1251-6567) and J30 (orange - p/n 1251-5064), and cables W32 (gray - p/n 
8120-3108) and W30 (gray - p/n 8120-3216). The newer connectors are incompatible with the older 
cables as are the newer cables incompatible with the older connectors. Should replacement of the 
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A14(A4) assembly in one of the above instruments become necessary, refer to paragraph 8-113 in 
Section VII for additional replacement information. Note that cable/connector changes for part num- 
bers 1251-6567 and 8120-3108 occured beginning with instrument serial number 1748A04250. 


7-47. Service Group M - Options: High Voltage Output (Opt.002) (03325-66508) and High 
Stability Reference (Opt. 001) (03325-66509) A7. 


7-48. There have been no engineering or manufacturing changes to the 03325-66508 or 03325-66509 
assemblies. 


7-49, Service Group N - Sweep Drive Circuits (P/O 03325-66514) A5. 


7-50. A14 - Past to Present. Table 7-14 briefly summarizes the engineering and manufacturing changes 
that have brought Al4(A4) to its current revision. 


Table 7-14, A14(A4) Board Revisions. 


Board Instruments Shipped Board 
Ravision With This Revision* Changes 
A4 - Rev B** 1748A00101 - 1748A00190 = 


- Reve 1748A00191 - 1748400470 went Rev C following PC trace 
and manufacturing modifications. 


- Rev D 1748A00471 - 1748A01075 went Rev D following manuf. 
changes and the addition of 
CR108, CR109, and R55, 


1748A01076 - 1748401900 went Rev E following mod. to the 
ralay driver and de offset control 
partion of A4. 


1748A01901 - 1748408790 went A14 Rev A when output 
amp (Svc. Grp. K) was re- 
designed. R142 was also added. 


1748A08791 - 1748414537 went Rev B with changes to dc 
offset and amptd. control circuitry. 


1748414538 - Present went Rev C following PC trace 
mod. to level comparator (U42) 
ckty. 


* Note that all serial number ranges are approximate. 


** No Ad Rev A boards were ever produced. 


7-51, The following backdating information pertains to the sweep drive portion of Al4(A4). 
A - Page 8-N-3/8-N-4, Figure 8-48, 
Affected instruments: serial numbers 1748A00470 and below. 


For instruments in this range, R6 is 20kQ, part number 2100-0558. If U5 is replaced in any of these 
instruments, it may be necessary to replace R6 with part number 2100-3253 (50kQ) in order to per- 
form the X-Drive adjustment. 


A - Page 8-N-3/8-N-4, Figure 8-48. 


Affected instruments: serial numbers 1748A01900 and below. 


Instruments in this serial number range do not have Q4. 
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AS - Page 8-N-3/8-N-4, Figure 8-48. 
Affected instruments: serial numbers 1748A04250 and below. 


These instruments may have an A14(A4) board which contains connector J1 (p/n 1251-4494) for use 
with cable W32 (p/n 8120-2577). The older (black) connector and (white) cable have been replaced 
on newer boards by a more reliable connector (orange - p/n, 1251-6567) and cable (gray - p/n 8120-3108). 
The newer connectors are incompatible with the older cables as are the newer cables incompatible 
with the older connectors. If the A14(A4) assembly is replaced in one of the above instruments, refer 
to paragraph 8-113 in Section VIII for additional replacement information. 


7-52. Service Group O - Power Supplies (03325-66502) A8. 


7-53, A2- Past to Present, Table 7-15 briefly summarizes the engineering and manufacturing changes 
that have brought A2 to its current revision. 


Table 7-15. A2 Board Revisions. 


Board Instrumants Shipped Board 
Raviston With This Ravision* Changes 


1748A00101 - 1748400150 - 


went Rev B when PC trace modifi- 
cations were made. 


1748A00151 - 1748401075 


went Rev C with the addition of 
R34, R35, Q8, and F2. 


1748A01076 - 1748A05825 


1748A05826 - 1748A07339 went Rev D when the relay cur- 
rent limiter circuitry of Q13 and 


O12 were added, 


went Rev E fallowing PC trace 
mod. to eliminate a potential 
shock hazard, Sea Service Note 
3325A-11B-5. 


1748407340 - 1748A15073 


went Rav F following mods, to 
widen PC trace spacings. 


* Note that all serial number ranges ara approximate. 


7-54. The following backdating information pertains to the power supply assembly 03325-66502. 


1748A15074 - Present 


A8& - Page 8-O-3/8-Q-4, Figure 8-49. 
Affected instruments: serial numbers 1748405825 and below. 
Instruments in this range contain the fuse F2 shown in Figure 7-19 in place of the circuitry shown 


in Figure 8-49. See Service Note 3325A-12 for details and procedures for improving the reliability 
of the over-voltage protection circuitry. 
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+/- IS VOLTS REGULATOR 


Figure 7-19. Location Of F2 (Serial Numbers 1748A05825 to 1748A01076). 


A8 - Page 8-0-3/8-O-4, Figure 8-49. 


Affected instruments: serial numbers 1748401075 and below. 


Instruments in this serial number range do not have R35, R34, Q8, or F2. (See Figure 7-20.) 


+h VOLTS REGULATOR 


g 
Figure 7-20. +15V Regulator (Serial Numbers 1748A01075 and Below). 
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A& - Page 8-0-3/8-O0-4, Figure 8-49. 
® Affected instruments: serial numbers 1748401200 and below. 


Instruments in this range do not have R36. See Service Note 3325A-1B for details and procedures 
for a recommended modification to the over-voltage protection circuitry. 


Affected instruments: Serial numbers 1748A07260 and below. Instruments in this range do not have 
CR18. 


A8& - Page 8-O-3/8-O-4, Figure 8-49. 
Affected instruments: serial numbers 1748407339 and below, 


Note that for instruments in this serial number range, there is a potential electrical shock hazard present 
with the A2 board. A trace on the underside of A2 could pass within 0.5mm of a folded edge of 
the instrument’s floating sub-chassis. This trace carries one-half the line voltage in 220V/240V appli- 
cations. For 100V/120V applications, this is a neutral trace. See Product Safety Service Note 
3325A-11B-S for additional information and corrective procedures. 
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trained service personnel only. To avoid elec- 
trical shock, do not perform any servicing other 
than that contained in the operating instruc- 
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SECTION VIII 
SERVICE 


8-1. INTRODUCTION. 


8-2. This section contains information required to serv- 
ice the Model 3325A Synthesizer/Function Generator. 
This includes the theory of operation, block diagrams, 
troubleshooting procedures, and schematic diagrams. 
Most of the service information is divided into service 
groups, which are identified alphabetically. Each service 
#roup contains the schematic diagram, troubleshooting, 
and other pertinent information for a specific area of the 
instrument. A foldout functional block diagram follows 
Service Group O. The following circuits are included in 
the service groups: 


Service 
Assembly Circuit Group 
AZ] Voltage Controlled Oscillator D 
A2! » NLP Counter E 
A2l Fractional N Analog Circuits F 
A2 Power Supplies ro) 
A3 VCO Buffer D 
A3 30 MHz Reference and G 
Dividers 
A3 Mixer H 
Al4 D/A Converter and Sample/ I 
Hold 
Al4 Function Circuits J 
Al4 Output Amplifier and Level K 
Comparator 
Al4 Relay Drivers L 
Al4 Sweep Drive Circuits N 
AS Keyboard and Display A 
A6 HP-IB Circuits B 
A6 Control Circuits Cc 
A23 
or Attenuator L 
A7 
Ag High Voltage Output Option M 
002 
AY High Stability Frequency M 


Reference Option 001 
Signature analysis information begins with paragraph 
8-128. 


8-3. BASIC THEORY. 


8-4. A simplified block diagram of the 3325A circuits is 
shown in Figure 8-1. In response to programming inputs 
from the Keyboard or the HP-IB, the Control circuits 
set the frequency, signal level, and output attenuation. 
The Frequency Synthesis circuits generate a sine wave at 
a frequency determined by digital information from the 
Control circuits. This sine wave is applied to the Func- 
lion circuits where both the output function and signal 
level are determined, again by digital control. The signal 
level from the Output Amplifier can be tested in the Level 
Comparator to determine if a level correction is needed, 
thus providing an automatic amplitude calibration. If am- 


plitude problems are encountered, it is important to dis- 
able this auto calibration. See section 8-102. Attenuator 
range is selected by the Control circuits to provide (in con- 
junction with Level Control) the desired output signal am- 
plitude. Program parameter data stored in Control is 
transferred to the display when that parameter entry pre- 
fix key 1s pressed or the parameter prefix mnemonic is 
programmed on the HP-IB. 


8-5. THEORY OF OPERATION. 


8-6. The following theory is a general description of each 
of the circuit blocks in the 3325A. A foldout functional 
block diagram of the 3325A follows Service Group O. 
Additional information on individual circuits may be 
found within the service groups. Figure 8-2 is a basic 
block diagram of the logic circuits, which interface with 
the processor (and with cach other through the proces- 
sor) to control the operation of the instrument. The 
Machine Data Bus, which consists of eight parallel lines 
labeled HMDO through HMD7, is the principal means 
of data exchange between the control circuits and other 
parts of the instrument. 


8-7. Keyboard and Display (Service Group A). 


8-8. Keyboard Scan. Figure 8-3 is a block diagram of the 
Keyboard and Display circuits. To determine if a key has 
been pressed, a single high bit is shifted into the first 
position of the 16-bit register, and the four-line output of 
the keyboard matrix is read onto the machine data bus by 
the Read Keyboard clock signal. The high bit is then 
shifted one position in the register and the keyboard 
matrix output is read again. This process is repeated 
through the twelve input lines to the matrix. The high 
input bit is inverted by the keyboard buffers. A low level 
on one of the four matrix output lines indicates that a key 
has been pressed, and the control circuits initiate the 
proper action. After a low level hag been detected, the 
control circuits look for a high level from the same key 
before the same action can be repeated. In other words, if 
the 5 key has been pressed, only one 5 will be processed 
even though the key is held through more than one 
keyboard scan cycle, 


8-9. Numeric Display. The same high bit that is shifted 
through the 16-bit shift register to scan the keyboard 
enables one of the eleven numeric display digits in each of 
the first eleven positions of the register. When a digit is 
enabled, eight bits of data (parallel) from the Machine 
Data Bus are entercd in the 8-bit latch by a Write 
Keyboard Display Data clock signal. Each low bit in this 
data enables one of the eight current sources, which 
supplies current to the proper segment (or decimal point) 
of the enabled digit. 
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Figure 8-1. Simplified Block Diagram. 
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Figure 8-3. Keyboard and Display Block Diagram. 


8-10. Annunciator Matrix. In each of the last five 
positions of the 16-bit shift register, the high bit that is 
being shifted through enables one of five sets of 
annunciators. Then another set of eight data bits is 
entered into the 8-bit latch. Each low bit in this data set 
also turns on one of the eight current sources, which 
supplies current to the proper annunciator. 


8-11. Scan Cycle. Approximately 21 milliseconds are 
required for a complete scan of the Keyboard and 
Display. During each scan cycle, the events shown in 
Figure 8-3 happen concurrently. 


8-12. HP—IB Circuits (Service Group B). 


8-13. Data Input. Figure 8-4 is a block diagram of the 
data input path. The low true data from the HP—IB DIO 
lines is inverted to high true in the Bus Receivers. It is 
then loaded into the last eight positions of the 12-bit 
parallel-in/serial-out shift register when the Load Data 
Input signal is low. The data loaded into the first four bits 
of this register is information concerning the ATN, REN, 


and IFC management lines. Data is then shifted serially 
across the isolation barrier into an 8-bit  serial- 
in/parallel-out shift register. The first four bits (status) 
are shifted across, gated into the tri-state buffer by the 
Read Bus Data signal, and onto the Machine Data Bus. 
After the control circuits have accepted this information, 
the eight bits of HP—IB data are transferred in the same 
manner, 


8-14. Data Output. The output data path, shown in 
Figure 8-5, is essentially the reverse of the input data 
path. Parallel data from the Machine Data Bus is loaded 
into a parallel-in/serial-out shift register by the Write Bus 
Data signal. It is then shifted serially across the isolation 
barrier and into the same 12-bit shift register used for 
input data. However, for output data it is used asa serial- 
in/parallel-out register. The data is then loaded into an 8- 
bit latch by the Load Data Out signal, where it is 
available to the Bus Drivers. When the Bus Drivers are 
enabled by the Data Out Enable signal, the data is 
inverted and placed on the HP—IB DIO lines. The eighth 
(most significant) data bit becomes the End or Identify 
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Figure 8-4. HP—IB Data Input Path. 
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Figure 8-6. HP—IB Management and Handshake. 


(EQ]) signal to the bus if the 3325A is addressed to talk 
and ATN is false. 


8-15. Acceptor Handshake. The Listen circuits (shown 
near the upper center of Figure 8-6) enable the Acceptor 
Handshake block to operate if the 3325A is addressed to 
listen or if ATN (Attention) is true. When it is not 
addressed to listen but ATN is true, it accepts data in 
order to detect its listen or talk address or the untalk 
command. After the 3325A has been addressed to listen it 
accepts programming data when ATN is false and looks 
for its talk address or the unlisten command when ATN is 
true. When the HP—IB DAV (Data Valid) signal 
indicates that data is ready on the bus, the Acceptor 
Handshake circuits output New Data Ready, which 
becomes a Bus Interrupt signal to the processor. The 
Acceptor circuits also set NRFD (Not Ready For Data) 
to indicate to the bus that the 3325A is in the process of 
accepting the data byte, After the byte has been accepted, 
the processor outputs a New Byte Accepted to the 
Acceptor circuits, which then resets the NDAC (Data 
Accepted) line to high. 


8-16, Source Handshake. The Talk circuits enable the 
Source Handshake block only when the 3325A is 
addressed to talk and ATN is false. A New Byte Available 
signal from the processor tells Source Handshake to set 
DAV if NRFD is high indicating that all listeners are 
ready for data. After a byte of data has been accepted by 


the listener(s), indicated by NDAC going high, the 
Acceptor circuits output a New Data Needed signal 
which becomes a Bus Interrupt to the processor. 


8-17, Management Lines. The ATN (Attention), REN 
(Remote Enable), and IFC (Interface Clear) lines provide 
inputs to the 12-bit shift register and are used as HP—IB 
status information inputs to the control circuits. A direct 
control output from the processor provides a Service 
Request (SRQ) signal to the HP—IB system controller. 


8-18. Control Circuits (Service Group C). 


8-19. The Control circuits include all the blocks in 
Figure 8-2 labeled Service Group C, plus other circuits 
such as Read and Write Control and the }.2 MHz con- 
trol clock oscillator. Figure 8-7 is a basic block diagram 
of the Control circuits. A brief definition of some cir- 
cuit components may be helpful. 


Processor: Commonly known as a micropro- 
cessor. As the name implies, this device 
processes its input information and detcr- 
mines what data and/ or instructions to issue. 


ROM: A Read Only Memory issues a 


predetermined set of data in response to a 
given set of input data, called an address. 
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RAM: A Random Access Memory, or 
Read/Write Memory, accepts data (data can 
be written into it) which can then be read out 
at a later time. Data location is determined by 
the address input, 


8-20. Read Only Memory. The 3325A Read Only 
Memory (ROM) consists of four units, which are selected 
by signals from the ROM Control Register. Designed 
into the ROM are the fixed routines or responses 
required in the 3325A operation. One of these routines, 
for example, reads the present output frequency data 
from the RAM and places it in the display when the 
FREQ entry key is pressed. The keyboard and display 
scan routines and test routines are also a part of the ROM 
information. A character received on the HP—IB is 
compared to ROM data to determine its validity and the 
appropriate action to be taken if the character is valid. 


8-21. Random Access Memory. Variable or temporary 
information is stored in the Random Access Memory 
(RAM). This includes all program information from 
either the front panel or the HP—IB. Data stored at any 
RAM address can be changed by programming new data 
for the same parameter, function, or operation. RAM 


DC VOLTAGE 


Service 


data can be read out without destroying the data. For 
example, when the FREQ entry key is pressed, the 
present frequency data is entered in the display and is also 
retained in the RAM memory location. 


$-22, Fractional N Control IC. The Fractional N 
Control IC (see Service Group E) performs several 
functions vital to control of the 3325A. 


a. It calculates the-> N and Pulse Remove data for the 
phase lock loop in the Frequency Synthesis circuits, 
(Explanation of the 3325A frequency synthesis begins 
with Paragraph 8-24). This information is updated every 
10 microseconds. 


b. It increments or decrements the output frequency 
during a $weep function and outputs a Sweep Limit Flag 
when the start or stop frequency is reached. It also 
outputs a Sweep Limit Flag at the marker frequency 
during a sweep up. 


¢, Under control of algorithms performed by the 
processor, it performs arithmetic functions —for 
éxample, the arithmetic for conversion of amplitude in V 
p-p to V rms or dBm. 


Figure 8-8. Phase Lock Loop. 
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§-23. Processor. The Processor coordinates the 
operation of all the other control logic circuits. Device 
select outputs from the processor are decoded into read, 
write, and cnable commands to various logic elements 
such as the RAM, control registers, and buffers. Direct 
Control input/output lines provide information to and 
from the HP-—1B circuits. Interrupt capability allows the 
Processor to be interrupted by the HP—IB or by a Sweep 
Limit Flag, 


8-24. Frequency Synthesls. 


8-25, The Frequency Synthesis circuits are found in 
Service Group D, Voltage Controlled Oscillator; Service 
Group E, Fractional N Counter; and Service Group F, 
Fractional N Analog. 


8-26. How does the 3325A generate a given frequency? 
Assume that the output desired is an even 10 MHz. A 
method for obtaining this frequency is illustrated in 
Figure 8-8, Basically, the 3325A uses this method. 


§-27. The frequency of the VCO (Voltage Controlled 
Oscillator), in Figure 8-8, is controlled by the de voltage 
out of the phase detector. This de voltage reflects any 
phase change between the two detector input signals. 
Consequently, if the VCO frequency changes, the phase 
detector output changes to correct the VCO. This is 
known as a phase lock loop (PLL). 


8-28. If we want to change the output from 10 MHzto 20 
MHz, it is necessary merely to change the + N number 
from 400 to 500. This obviously changes the divided VCO 
input to the phase detector to 80 kHz, The phase detector 
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then uses the phase difference between its two inputs to 
change the VCO frequency to 50 MHz. This returns the 
phase detector input to 100 kHz, and the loop is again 
phase locked, It takes the 3325A about 50 milliseconds to 
make this change. The + N number is determined by 
contro] circuits in response to front panel or remote 
programming. 


8-29, The 3325A sine wave frequency range is essentially 
from zero to 20 MHz; consequently, the VCO frequency 
range is normally 30 MHz to 50 MHz. This dictates that 
the + N number be a 3-digit integer between 300 and 500 
(+N can be only three digits in the 3325A). Forexample, 
if + N is 398, the VCO frequency is adjusted to 39.8 MHz 
(398 x 100 kHz) and the output is 9.8 MHz. 


8-30. Now let us look at a more detailed diagram of the 
phase detector block (Figure 8-9). The contro! voltage to 
the VCO is the output of a Sample/ Hold amplifier which 
samples the integrator output at the proper time and at 
regular intervals. Ideally, this voltage would be exactly 
the same at each sampling time and the VCO frequency 
would remain constant. Let us assume that this is true, 
and that the + N number is 400. In this case, the output of 
the phase comparator would be a series of pulses of equal 
width, Each pulse turns on a current source which causes 
@ given amount of charge to be placed on the integrator, 
At a specified time this voltage is stored on the 
Sample/Hold amplifier capacitor (Figure 8-9), The 
integrator output is illustrated in Figure 8-10. The charge 
slope is much greater than the discharge slope because the 
phase comparator current source has about ten times the 
magnitude of the bias current source. 
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Figure 8-9. Phase Detector. 
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8-31. Immediately after a sample, the bias current source 
is turned on to discharge the integrator capacitor to the 
level it held before the phase comparator current was 
allowed to charge it. If this were not done, the charge 
would continue to accumulate to the limit permitted by 
the power supplies and remain at that level (nullifying the 
entire PLL scheme). The bias current is controlled by a 
pulse from the fractional N control IC. 


8-32. Up to this point, we have considered only the 
situation where + N is a whole number consisting of three 
digits. Now suppose an output of 10.04 MHz is desired. 
This would require the VCO frequency to be 40.04 MHz 
and the + N number to be 400.4. (The number 400.4 is 
referred to as ~ N.F. The number 400 is represented by 
N, and the fraction .4 may be called F, or the fractional 
N.) Since the existing phase lock system will not allow 
+N to be four digits, some additional circuits are needed 
to make the VCO operate at a frequency of 40.04 MHz, 
and at the same time provide a signal to the phase 
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comparator equal to 100 kHz. Two of these circuits are 
the Digital-to-Analog (D/A) converter and pulse remove 
blocks added in Figure 8-11. 


8-33. If the VCO operated at 40.04 MHz and + N were 
400, then the divided VCO signal to the phase 
comparator would be 100.1 kHz and would be compared 
to the 100.0 kHz reference. This would result in an 
increasing phase comparator charge current to the 
integrator. To compensate for this increased charge, the 
discharge current from the bias source is adjusted by 
means of Analog Phase Interpolation (API) information 
from the fractional N control IC. The phase (frequency) 
difference between 40.04 MHz and 40.00 MHz is 
accumulated digitally in the control IC and applied 
through five lines to a digital-to-analog converter. The 
D/A output current is subtracted from the bias current to 
discharge the integrator to the proper level during each 
sampling period, effectively cancelling the increased 
charge from the phase comparator. 


8-34. Only part of the problem is solved, however, 
because if the PLL were to continue operating in this 
manner, the phase comparator output would continue to 
increase beyond practical limits. To prevent this, a “pulse 
remove” technique is used. In effect, the accumulated 
phase difference (in the Control IC) causes the +N 
counter to count one extra cycle (+401) each time the 
phase accumulator passes through unity. This has the 
effect of “removing” a cycle of VCO frequency, and the 
divided signal to the phase comparator is now an average 
of 100 kHz. 


8-35. To accumulate the phase difference, the twelve 
least significant digits in a “frequency register” 
(contained in the Fractional N control IC) are added to 
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the twelve digits in the phase accumulator, and the sum is 
stored again in the accumulator. This addition takes 
place every 10 microseconds (once for each cycle of the 
100 kHz reference). Figure 8-12 illustrates this process for 
the example we are using. 


8-36. This example has used a fractional N of .4. If the 
output frequency were 10.004 MHz instead of 10.04 
MHz, the fractional part would be .04, and both the 
phase comparator output and the phase accumulator 
content would increase at one-tenth the previous rate. As 
another example, if the output frequency were 10.09 
MHz, the fractional N would be .9, and a pulse remove 
command would be required for 9 out of every 10 
reference cycles. 


8-37, Fractional N Counter. The + N (Fractional N) 
counter consists basically of three presettable counters in 
series, shown in Figure 8-13. The counters for the two 
most significant digits (of the 3-digit N number) are 
decade counters. The least significant digit counter 
consists of a + 5 counter anda + 2 prescaler which can be 
made to divide by three as necessary. Presettable 
counters are used because +N must be variable, as 
explained below. 


8-38. The preset number that is loaded into the counter 
in BCD (binary coded decimal) form is the 9’s 
complement of the N number. N is determined by 
the first three digits of the VCO frequency. 


Programmed : Frequency Register 


VCO Frequency o400400000000000 


Model 3325A 
Example 1 Example 2 
Sine wave output 10 000 000.0 Hz 100 000.0 Hz 
Reference frequency 30 000 000.0 Hz 30 000 000.0 Hz 
VCO frequency 40 000 000.0 Hz 30 100 000.0 Hz 
+N 400 301 


To determine the 9’s complement, +N is subtracted 
from 999 in the fractional N control IC. 


999 999 
+N 400 301 
9’s complement 599 698 


8-39. The + N counter begins at the preset number (599 
in example 1), counts to 999 and then reloads the same 
number unless a new frequency has been programmed. 
One output pulse occurs for each time the counters reach 
999; consequently, if 400 VCO cycles (599 to 999) are 
counted for every output pulse, VCO has been divided by 
400. The output pulse is derived from the bias pulse 
issued by the fractional N control IC. To provide the 
proper stable phase relationship to the VCO signal, this 
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Each carry initiates a pulse remove command. 
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Figure 8-12. Phase Accumulation. 
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pulse is clocked first by VCO ~+ 10, then VCO ~ 2, and 
finally by VCO. 


8-40. In example 2, + N is 301, so the counter must count 
301 VCO cycles during each reference period. Normally 
only an even number of cycles could be counted because 
the least significant digit + 5 counter is counting VCO 
+2 from the prescaler, Therefore, in order to count an 
odd number, the prescaler is forced to count one 
additional pulse during each reference period. To 
accomplish this, the pulse remove circuits are enabled 
when the least significant (BCD) bit of the least 
significant digit of the preset number is even, as is the case 
in example 2 (decimal 8 = binary 1000). Then the 
negative-going pulse from the preload one-shot changes 
the prescaler to + 3 for one cycle. The pulse remove 
action associated with fractional N is independent of and 
in addition to the odd number count. 


8-41. The chip clock counter output (Figure 8-13) is the 
prescaler output divided by five. The Q output from this 
counter goes to the fractional N control IC and is used to 
clock data in and out of the four shift registers within the 
IC. The counter Q output is used in the + N.F counter 
output synchronization and to clock the cycle start flip- 
flop. 


8-42. The cycle start flip-flop is set by the Q output from 
the preload flip-flop and is cleared by the next trailing 
edge of the chip clock signal. A cycle start pulse occurs at 
the time the + N least significant digit is preloaded, which 
is once every reference period. Cycle start is used to 
initiate operations within the fractional N control IC. It is 
also used to set the pulse remove circuit when + N is an 
odd number. 


8-43. Reference Circuits (Service Group G). 


8-44. Reference Oscillator. The Reference Oscillator is a 
30 MHz crystal-controlled oscillator that can be 


Model 3325A 


synchronized to an external reference signal of 10 MHz 
or subharmonic of 10 MHz (minimum | MHz). 


8-45. External Reference Phase Lock Loop. Figure 8-14 
is a block diagram of the External Reference Phase Lock 
Loop. The external reference input is sent thorugh a 
squaring circuit, amplified, and then differentiated to 
provide a narrow positive pulse to the gate of a FET 
switch. This turns the switch on momentarily, sampling 
the instantaneous voltage of the sine wave at the FET 
switch source. This voltage is stored on the capacitor at 
the input of a Sample/ Hold amplifier. The resulting dc 
output voltage from the S/H amplifier is applied to a 
varactor in the 30 MHz oscillator circuit to adjust the 
oscillator frequency. 


8-46. When the 30 MHz oscillator is in phase with the 
external reference, the FET switch will sample the sine 
wave at exactly the same point each time and the S/H 
amplifier output voltage will remain constant. But if 
there is a change in phase relationship, the amplifier 
output voltage will change, correcting the oscillator 
frequency and restoring phase lock. 


8-47. External Reference Detector. Whenever an 
external reference input is present, a detector circuit 
provides a logical “1” signal to the control circuits. This 
causes the front panel EXT REF indicator to light. 


8-48. Unlock Detector. When the external reference 
loop is phase locked, the Sample/ Hold amplifier output 
is a steady dc voltage. However, if the loop is not locked, 
this voltage will vary. The unlock detector is triggered by 
this varying voltage to provide a logical “!” to the control 
circuits. During an “unlock” condition, the front panel 
EXT REF indicator will flash on and off. 


8-49. 30 MHz Reference Amplitude. Sine wave output 
amplitude and amplitude modulation are controlled by 
varying the amplitude of the 30 MHz Reference. Figure 
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Figure 8-14. External Reference Phase Lock Loop 
Block Diagram. 
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Figure 8-15. Level Control and Amplitude 
Modulation. 


8-15 is a simplified diagram of the level control and 
amplitude modulation circuits. The reference signal 
amplitude 1s varied by controlling the current available 
from the current source (Figure 8-15), which in turn is 
controlled by the Sine Amplitude signal and/or the 
Amplitude Modulation input signal. When the AM 
Control switch is OFF, the X input to the voltage 
multiplier is constant, and the output level is controlled 
by the Sine Amplitude only. When the AM switch is 
ON, however, both the X and Y inputs influence the 
output. The output of the multiplier (V,) is normally 
equal to .IXY, but because the multiplier output is con- 
nected to an operational amplifier input, this voltage 
cannot be measured. Use of the voltage multiplier in this 
circuit makes it possible to change the 3325A output 
(carrier) amplitude without affecting the percent of 
modulation, or to change the percent of modulation 
without affecting the carrier level. The output of the 
Level Control and Amplitude Modulation circuit goes 
to the Mixer, covered in Service Group H. 


8-50. Reference Dividers. The 30 MHz Reference 
frequency is teduced through a series of dividers to 
provide the following signals: 


10 MHz to the External Reference PLL 

2 MHz to the D/A Converter (Service Group I) 

1 MHz rear panel reference output 

100 kHz reference to the Fractional N Phase 
Comparator (Service Group F) 


For phase stability, the 100 kHz output is clocked first by 
10 MHz, then by the 30 MHz reference signal. The 
100 kHz signal is then differentiated to provide a narrow 
pulse to the Fractional N Phase Comparator. 


8-51. Mixer (Service Group H). 


8-52, The Mixer circuits are diagrammed in Figure 8-16. 
The 30 MHz reference is passed through a low pass filter 
and mixed with the 30-50 MHz signal from the VCO ina 
diode mixing circuit. The mixing circuit output is applied 
to a low pass filter to remove all but the difference 
frequency, which is amplified by a current amplifier. This 
signal then goes to the Function circuits (Paragraph 
8-59). 


8-53. D/A Converter (Service Group I). 


8-54, The Digital-to-Analog (D/A) Converter supplies 
the analog voltages which control signal amplitude, de 
offset, level comparator reference voltage, sweep X drive 
output, and correct for de offset error, In addition, it 
supplies an auto zero voltage to its own current sources. 


8-55. Preset Counters. Each of the four Preset Counters 
is a BCD counter that can be pre-loaded with a 4-digit 
binary number and then enabled to count from that 
point. In this application, they are set to count down. The 
counters are connected in two pairs, as illustrated by the 
least significant pair in Figure 8-17. Both counters are 
loaded at the same time, then the Least Significant Digit 
(LSD) Counter is enabled by the Counter and Current 
Source Enable Flip-Flop; and at the same time, the LSD 
Current Source is enabled to supply current to the DAC 
Integrator (see Figure 8-18). When the LSD Counter 
reaches zero, its Ripple Clock output enables the 3rd 
Digit Counter to count one clock pulse. If the preset 
number in the 3rd Digit Counter was greater than one, 
the LSD Counter continues to count, supplying an 
enable pulse to the 3rd Digit Counter each time it reaches 
zero, When the 3rd Digit Counter reaches zero, its Ripple 
Clock output changes the state of the Counter and 
Current Source flip-flop, disabling the LSD Counter and 
the Current Source. 
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Figure 8-17. Preset Counters. 
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8-56. 4-Digit D/A Conversion. A simplified diagram of 
the D/A Converter is shown in Figure 8-18. The D/A 
Converter (DAC) Integrator output voltage is 
proportional to the four digits of BCD information that 
is loaded into the Preset Counters. The two current 
sources are enabled to supply constant current to the 
DAC Integrator for the length of time required for the 
Preset Counters to count down from the preset number 
to zero. The current resulting from the two most 
significant digits is proportionally 100 times that from the 
two least significant digits. For example, if the 4-digit 
preset number were 5555, the enable time would be the 
same for both current sources, but the current ratio 
would be 100 to 1. 


8-57. DAC Sample/Hold Circuits. After the Preset 
Counters have finished counting and the current sources 
are disabled, the DAC Integrator output voltage must be 
transferred to the proper Sample/Hold Amplifier, 
Figure 8-19 is a simplified diagram of the DAC 
Sample/Hold circuits. The data that designates one of 
the six Sample/ Hold Amplifiers is clocked into the latch 
by the $/H Strobe pulse. The S/H Strobe pulse also 
triggers a switch timing one-shot which enables the 
switches to close long enough to transfer the DAC 
Integrator voltage to the capacitor at the input to the $/H 
Amplifier. 


8-58. DAC Reset. After the integrator output voltage 
has been transferred to the proper Sample/ Hold 
Amplifier, the integrator is reset to zero by closinga FET 
switch across the integrator capacitor. The closing of this 
switch is timed by a one-shot which is triggered by the 
3/H Strobe pulse. 


8-59. Function Circuits (Service Group J). 


8-60. This section of the instrument provides the proper 
current to the operational output amplifier for each 
function. It includes a number of current sources, and the 
circuits which develop the square wave, triangle, and 
ramp functions from the sine wave. Function switching is 
accomplished by the enable signals shown in the block 
diagram, Figure 8-20, 


8-61. Sine Wave. In sine function, the sine wave from the 
mixer passes through a current amplifier to the output 
amplifier. Sine wave amplitude is actually controlled in 
the level control circuit (see Paragraph 8-69), but the level 
control current is supplied from the amplitude control 
current source in this section. 


8-62. Square Wave. The sine wave input is sent through a 
squaring circuit and then divided by two to produce the 
squarc wave output, Consequently, in the square wave 
function, the sine wave must be twice the output 
frequency, and the maximum output frequency is 
10 MHz. 


8-63. Triangle. To generate a triangle wave, the sine 
wave input is first put through the squaring circuit, then 
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divided by 20 (=-10 and +2). The result is a square wave 
whose frequency is | MHz plus the programmed output 
frequency. This signal is phase compared to a 1 MHz 
reference in an exclusive OR gate. Because the output of 
the gate is high when one and only one input is high, the 
gate output is a series of pulses whose width varies in 
proportion to the phase difference between the two gate 
input signals. Figure 8-21 is a simplified illustration of 
this. The gate output drives a current amplifier (which 
inverts the signal) and the resulting current pulse signal is 
sent through a filter which shapes the triangle. 


8-64. The triangle output frequency is the difference 
between the 1 MHz reference and the input frequency 
(from the mixer) divided by twenty. Consequently, the 
input frequency must be 20 MHz + (20 x output). To 
produce the maximum triangle output frequency of 
10 kHz, for example, the input must be 20.2 MHz. 


Output frequency 10 000 Hz 


Reference = 1 000 000 Hz 
1 010 000 Hz 

x 20 

Input frequency = 20 200 000 Hz 


8-65, Positive and Negative Ramp. A ramp output is 
generated in the same manner as the triangle, except that 
when the phase difference between the | MHz reference 
and the input +20 has advanced 180°, the reference is 
inverted by the ramp reset circuits (Figure 8-20). Figure 
8-22 illustrates the ramp generation process. Because the 
phase difference is allowed to advance only 180° instead 
of 360° as in triangle generation, the frequency of the 
“input + 20” signal to the phase comparison gate must be 
1 MHz plus one-half the output frequency. For the 
maximum ramp output frequency of 10 kHz: 


Output frequency = 10 000 Hz 
+2 = 5 000 Hz 
Reference = 1 000 000 Hz 
1 005 000 Hz 

x 20 

Input frequency a 20 100 G00 Hz 


8-66. Ramp reset may be initiated either by the phase 
detector output (Figure 8-20) or by a + or - ramp reset 
signal from peak detectors at the output amplifier. Each 
reset pulse causes the reference signal to be inverted at the 
output of the ramp reset gate. 
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Figure 8-21. Simpilfied Iflustration of Triangle 
Generatlon. 
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Figure 8-22. Simplified 


IIlustration of Ramp 


Generation. 


8-67. Ramp polarity is determined by the ramp polarity 
gate. If negative ramp is programmed, the reference 
signal is inverted by this gate. 


8-68. Function Integrity Flag. If the ramp is being reset 
by the digital Phase Detector, the detector output sets the 
Function Integrity Flip-Flop, and the Function Integrity 
Flag (HMD2) to the processor is high. If the ramp is 
being resect by the analog Level Comparator at the 
amplifier output (see Paragraph 8-74), the analog reset 
signal prevents the Function Integrity Flip-Flop from 
being set. The controller may reset the Function Integrity 
Flip-Flop. The Function Integrity Flag tells the 
processor which ramp reset method (analog or digital) is 
being used. This information is used by the processor in 
setting the correct reference level for the output Level 
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Comparator. Ramps are reset by the digital Phase 
Detector at frequencies below 100 Hz, and by the analog 


_ output Level Comparator at frequencies of 100 Hz and 


higher, 


8-69. Amplitude and Offset Control. The voltage output 
of the output amplifier is proportional to the current into 
its input summing junction. Consequently, signal 
amplitude can be controlled by varying the amount of 
current available from the current source which supplies 
the various functions. The amplitude control signal is a 
de analog voltage from a D: A converter (see Paragraph 
8-53) which receives its digital input from the controller. 


8-70, Because the square wave, triangle, and ramp 
signals are generated by switching the unipolar amplitude 
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control current source on and off, the entire signal is 
above ground. These signals are centered about ground 
by 4 compensating current equal to one-half the signal 
amplitude. This current is shown as “amplitude + 2 
correction current” in Figure 8-20. 


8-71, Positive or negative dc offset can be programmed 
either with or without an ac signal. The offset current 
source is also controlled by a dc analog voltage from the 
Id; A converter, The dc offset correction current source is 
also controlled by the D/A converter. The offset 
correction voltage is calculated from the results of the 
AMPTD CAL routine (see Paragraph 8-74). 


8-72, Output Amplifier (Service Group K). 


8-73, The Output Amplificr ig an inverting operational 
amplifier that ts designed for wide frequency response 
and low distortion. [ts output stage is protected against 
excessive current by 20.125 A fuse and against excessive 
voltage by diodes connected to the + and - 15 V sup- 
plies, Output resistance is 50 ohms. 


8-74, Level Comparator and AMPTD CAL. During the 
amplitude calibration process (AMPTD CAL), the Level 
Comparator is used to determine the offset and signal 
amplitude errors of the 3325A output. To do this, the 
processor sets the signal amplitude to zero and varies the 
voltage of the “Level” input to the comparator to 
determine the de offset in the amplifier output. The 
processor computes the de offset error and programs an 
offset correction, The processor then sets the signal 
amplitude to 8 V p-p (with full attenuation) and proceeds 
to determine both the positive and negative peak voltages 
in a similar manner, From this information it computes 
the gain error, which is used for subsequent amplitude 
calculations for any range selected. This error 
information is retained and used by the processor until 
the next amplitude calibration, which may occur because 
of the change in the function programmed, or because the 
operator or HP—IB system controller programmed 
AMPTD CAL, 


8-75, The Level Comparatoris also used to reset both the 
positive and negative-going ramps for frequencies of 100 
Hz and higher. The “Level” voltage is set by the processor 
to the peak ramp voltage programmed. When the ramp 
and “Level” voltages are equal, a Ramp Reset pulse is 
gencrated by a one-shot and used to togglea Ramp Reset 
flip-flop (see schematic in Service Group J). The ramp is 
then reset as ¢xplained in Paragraph 8-65, If the “Level” 
voltage is sct incorrectly, the digital phase detector causes 
the ramp to be reset, and the Function Integrity Flag to 
the processor to be high (see Paragraph 8-68), The 
processor then adjusts the “Level” voltage until the Level 
Comparator output resets the Function Integrity Flag, 
indicating that the ramp is being reset by the Level 
Comparator. This ramp “loop level” process is disabled 
when the frequency is being swept or modulation is 
enabled, 
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8-76. Sync Comparator and Driver. The amplifier 
output waveform is one input to the Sync Comparator 
and the other input is the DC Offset voltage level. Ino de 
offset has been programmed, the DC Offset voltage is 
zero and the comparator output changes at zero volts. 
This results in a Syne square wave whose transition 
occurs at zero volts crossing of the output signal. It 
follows, then, that the Sync signal transition occurs 
whenever the output signal crosses the DC Offset voltage, 
when an offset has been programmed. The Sync signal is 
the passed through inverter circuits to both the front 
and rear panels. 


8-77. Attenuator (Service Group L). 


&-7§. Relay Drivers. Refer to the schematic diagram in 
Service Group L. Relay selection data is provided by the 
lines labeled KO through K7 and is stored in the D flip- 
flops of Al4U49. This information is obtained from the 
Machine Data Bus through A14U29 (see Service Group 
I). Seven of the relay driver circuits are contained in one 
integrated circuit package, and the cighth is a discrete 
transistor circuit. Current through the relay coils is limited 
by the Q77, O78 circuit. Because latching relays are used, 
continuous current is not required. Therefore, after a 
relay has been switched, the driver can be turned off by 
the KQ-K7 information. The D flip-flops are clocked at 
the proper time by a signal that is also decoded in Al4U27 
from the Machine Bus data. 


8-79. Attenuator Relays and Pads. Relays K1, K2, and 
K3 control the output signal attenuation, Table 8-1 
shows the voltage ranges, both with and without de offset 
and the relays and attenuation factors involved. The 
output relay, K4, switches the output to the front or rear 
panel in a standard instrument and switches the High 
Voltage amplifier in or out in Option 002 instruments. 


8-80. High Voltage Output Option 002 (Service 
Group M). 


8-81. The High Voltage Output Amplifier is non- 
inverting and has a gain of two. It is designed for 
operation over a bandwidth of 0 to ] MHz. The output is 
current-protected by a 0.25 A fuse, and voltage-protected 
by diodes to the + and - 30 V supplies. Output resistance is 
essentially zero. Plus and minus 30 V regulators which 
supply power for this amplifier are a part of the option. 
Input power for these supplies is provided from a 
separate winding on the instrument power transformer; 
consequently, these supplies are on at any time ac power 
is connected to the instrument. 


8-82. Sweep Drive Circuits (Service Group N). 


8-83. The Sweep Drive Circuits provide three output 
signals that can be used in oscilloscope, plotter, and 
similar applications: Z Blank, Marker, and X Drive. 


8-84. Z Blank, The Z Blank output voltage levels are 
TTL compatible. This signal goes low at the start of a 
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Table 8-1. Attenuation and Voltage Ranges. 


Attenuator 


MKR RESET 
(LOW TRUE) 


SWEEP 
LIMIT 


FLAG 
(LOW TRUE} 


START 
(LOW TRUE) 


Amplitude (Peak-to-Peak, 50 £2) 


2.999 V 
to 
1.000 V 


299.9 mV 
to 
100.0 mV 


99.99 mV 
to 
30,00 mV 


29,99 mV 
to 
10,00 mV 


2,999 mV 
to 
1.000 mV 


MARKER 
FLIP-FLOP 


Maximum 
Offset 
(+ of —) 
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Minimum 
Offset 
(+ or =} 


DBC 
Only 
{+ or -} 


9.998 V 
to 
1,000 V 


999,92 mV 
to 
333.4 mV 


333.3 mV 333.3 mV 


to to 


100.0 mV 450.0 mV 


99.99 mV 
to 
33.34 mV 


33,33 mV 33.33 mV 


to to 


10.00 mV 45.00 mV 
9.999 mV 11.66 mV 


to to 


3.334 mV 14.99 mV 
3.333 mV 3.333 mV 


to ta 


1.000 mV 4.500 mV 


MARKER 
OUTPUT 
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RESET 
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START LL .. 


TO SWEEP 
RANGE SWITCHES 


gugsa-23 


Figure 8-23. Marker and X Drive Start-Stop Flip- 
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1.000 mV 


4.500 V 
t 
1.500 V 


+] 
1.499 V 
to 

0,500 V 
499.9 mV 


to 
150.0 mV 


49.99 mV 
to 
15.00 mV 


14.99 mV 
t 
5.000 mV 
4.999 mV 


to 
1.500 mV 


Mode] 3325A 


linear or log single sweep, high at the end of the sweep, 
and remains high until the start of another sweep. For 
continuous sweep, Z Blank is low during sweep up and 
high during sweep down. The Z Blank output circuit is 
capable of sinking current through a relay or other 
device. The maximum ratings are: 


Maximum current sink: 200 mA, fused at .25 A 
Allowable voltage range: 0 V to +45 V de 
Maximum power (voltage at output x current): 1 W 


8-85. Marker Output. A Marker output pulse occurs 
only during linear sweep up, either single or continuous 
sweep. The NAND gate flip-flop that produces this 
output is shown in Figure 8-23. The output is high at the 
start of a sweep up, then the Sweep Limit Flag input goes 
low at the Marker frequency, changing the flip-flop 
output to low. Immediately following a sweep up, the 
Marker Reset input goes low, resetting the flip-flop 
output to high, 


8-86. X Drive. The output of the X Drive Start/Stop 
flip-flop (Figure 8-24) is set high by the low true Start 
signal and is returned to low by the Sweep Limit Flag 
pulse that occurs at the end of the sweep. The Start signal 
remains low until just before the end of sweep to prevent 
the Sweep Limit Flag pulse that sets the Marker flip-flop 
from also changing the X Drive flip-flop. The marker 
frequency and stop frequency points must be separated 


 ] by approximately 400 microseconds to allow timc 


INPUT 


ANALOG SWITCHES 


SWITCHES 


RANGE | 
(HIGH TRUE) 


START 
(HIGH TRUE) 


RANGE 2 
{HIGH TRUE) 


x DRIVE 


{DC VOLTAGE} 
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between the two Sweep Limit Flags for the control 
circuits and Fractional N IC to return the Start signal to 
high and process the information for the stop frequency. 


8-87. The high output from the Start/Stop flip-flop is 
used to turn on one of two analog switches, depending 
upon which Range signal is high. Range | is high for 
sweep times of 0.0] second to 0,999 second, and Range 2 
is high for times of | second to 99,99 seconds, As 
illustrated in Figure 8-24, each analog switch turns on a 
switch for the duration of the sweep, providing current to 
an integrator whose output is the X Drive ramp. The 
value of the current to the integrator depends upon the X 
Drive analog voltage and the resistance in the integrator 
input circuit. The resistances are fixed at 10 kilohms for 
Range | and 1 megohm for Range 2, The value of the X 
Drive voltage is supplied from the D/A Converter and 
Sample/Hold circuits (see Paragraph 8-53) and is 
calculated by the control circuits to provide the proper 
current to increase the X Drive Output Ramp from 0 Vto 
+10 V during the sweep time selected. 


8-88. Following a single sweep, the X Drive ramp 
remaing essentially at +10 V until reset priorto the start of 
another sweep. (This voltage will drift downward less 
than 10 mV/sec.) During continuous sweep, the ramp is 
reset at the start of sweep down. The reset switch isa FET 
connected across the integrator capacitor. The Ramp 
Reset pulse is initiated at the proper time by the control 
circuits. 
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Figure 8-24. X Drive Ramp Output. 
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8-89. Crystal Oven Option 001 (Service Group 
M). 


8-90. AC power for the Crystal Oven is supplied by a 
separate winding on the instrument power transformer. 
Consequently, power is supplied to this assembly at any 
time ac power is applied to the instrument. A +15 V 
regulator provides dc power to the Crystal Oven. The 
oven output frequency is 10 MHz, It is capacitively 
coupled to the rear panel output connector. 


8-91, Power Supplies (Service Group OQ), 


8-92. All three regulators, +5V, +15V, and -15V (shown 
in the schematic diagram in Service Group 0) are voltage 
and current controlled. Bach regulator has 4 voltage sense 
connection. If the voltage at the load is too low, for ex- 
ample, this sense voltage feedback causes the regulator 
to adjust its output to the correct voltage. If the output 
current increases excessively (because of a short circuit, 
for example) the voltage drop across the current sensing 
resistance causes the active device in the current sensing 
circuit to limit the current through the series pass 
regulator. 


8-93. When the front panel POWER switch is in the 
STBY (standby) position, the three main power supply 
regulators are disabled. However, power is still applied to 
the HP.—IB input/output circuits, the Oven Assembly 
(Option 001), and the High Voltage Output Amplifier 
(Option 002). These circuits have their own regulators, 
which are active at any time ac power is connected to the 
instrument. 
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8-94. When the POWER switch is in the STBY position, 
as shown in the simplified schematic of Figure 8-25, a 
positive voltage is applied through K1 relay coil to the 
emitter of Q11, biasing this transistor into conduction. 
The current ig limited by resistors R30 and R32 so that 
the relay is not activated. Q4 is biased on by the current 
through Q11 to the point where it behaves in the same 
manner as it would if there was excessive current through 
the sensing resistor, R4. This causes the series pass 
regulator, Q2, to be turned off, disabling the -15 V 
regulator. Because the +5 V and +15 V regulators are 
referenced to the -15 V supply, they are also disabled. 


8-95. When the POWER switch is set to ON, the emitter 
of Qli is grounded, turning this transistor off. 
Consequently it has no effect on the -15 V regulator 
circuits, Relay K1 is activated, turning on the blower. 


8-96. An overvoltage protection circuit in the +5V sup- 
ply prevents the voltage from becoming high enough to 
damage the TTL devices in the instrument. This circuit 
consists of an SCR (A2CR10) which is triggered if the 
voltage across A2R14 becomes too great. (Refer to the 
Power Supply schematic, Service Group O.) When the 
SCR is triggered, it becomes a short circuit between the 
unregulated +5V and ground. The result is that the +5V 
regulator is disabled and the power input fuse, FJ, will 
be destroyed. 


8-97. The only voltage adjustment is A2R22 in the-15 V 
regulator. This control adjusts the +5 V and +15 V 


outputs also because they are referenced to the -15 V 
supply. 


-|5¥V 
(REGULATED) 


as25Au26 


Figure 8-25. Power Supply Standby /On Circult, 
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8-98. SINE AMPLITUDE CONTROL PATH. 


8-99. Amplitude Control Circuitry. 


8-100. The control of sine output amplitude involves a 
large amount of circuitry. The circuitry used is shown in 
Figure 8-26. Each block in this figure indicates the cir- 
cuit board and schematic appropriate to that function. 
The process begins with the processor loading a number 
into the preset counters. For the length of time that it 
takes for these counters to count to zero, a current source 
is on and is charging up an integrator in the DAC. When 
the current source turns off, the integrator voltage is sam- 
pled and held. This D.C. voltage goes through a gain 
stage and a multiplier chip and establishes the bias on 
the 30MHz switch. This controls the level of the 30MHz 
reference signal to the mixer. From the mixer, a 0-20MHz 
signal is supplied to the function circuits, the output am- 
plifier, the attenuator, and on to the instrument output. 
Through all these stages the signal’s amplitude is con- 
trolled by the D.C. voltage to the 30MHz switch. 


PRESET 
COUNTER 
Al4-I 


CURRENT 
SOURCE 
Ai4-I] 


Service 


8-101. As seen in Figure 8-26, there exists a feedback path 
through the processor. Using a peak detector, the proces- 
sor is able to sample the D.C. offsets and amplitude of 
the signal at the output of the Output Amplifier and com- 
pensate for errors by loading adjusted numbers into the 
Preset Counters. 


8-102. Auto Calibration Disable (ACD). 


8-103. When servicing the amplitude control path, it is 
imperative that the feedback path be eliminated before 
troubleshooting begins. This is performed by tying the 
ACD test point (on Al4) to ground. This breaks the 
loop by preventing the processor from performing 
subsequent Auto Calibrations. After tying ACD to 
ground, cycle power off, then on, to erase from RAM 
all previous Auto Cal information. 


MULTIPLIER 
A3~-& 


The Amplitude Calibration Disable, ACD, is used to break the 
feedback path during troubleshooting of amplitude problems 
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Figure 8-26. Sine Amplitude Control Path. 
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8-104. SERVICING INFORMATION. 8-109. Adapter Cable. 


8-106. Power Line Voltage Selertion. 8-110. An adapter cable may be made as shown in Figure 


8-27 that will aid in adjusting and troubleshooting the 
instrument. This cable has a phone plug at one end to 
connect to the phono jacks used as signal connectors on 
the printed circuit board. The BNC connector at the other 


8-106. Instructions for setting your instrument to the 
proper power line voltage are contained in Paragraph 
2-8 and Figure 2-1. 


9-107. Fan Filter. end connects to the input of an oscilloscope or other test 
equipment. 

8-108. The fan filter must be inspected frequently and . 

cleaned or replaced as necessary to permit the free flow 8-111. Access to Reverse Side of A21, A3, A14, and AG. 
of air through the instrument. To clean the filter, 

remove the four nuts that secure the filter retainer, 8-112. The square slotted fasteners used to secure one 
remove the filter and flush with soapy water, rinse edge of printed circuit assemblies A2], A3, Al4, and Aé 
clean, and air dry. can be used to support the board in a vertical position, 


Table 8-2. Assembly/Cable Compatibility for Serial Numbers 
1748A04250 and Below. 


ce: 


Part Numbers For 


Assembly To Be Affected Destination Cahle/ ee 
Replaced Assembly {ies} Connector Destination Assy 
Modification 
AG A3 W33/A3J1 8120-3108 (Cbi)** 


03325-66506 * All Rev A and Rev 1251-6567 (Conn) 


B Boards 


Al4 (A4) 
All Ad Revistons 
and A1l4 RevA 


W32/A14J1 8120-3108 (Cbi}** 
1251-6567 (Conn) 


* 


A211 (A1) 
All Al Revisions 
and A21 Rev A 


W31/A21J1 8120-3108 (Cbl}** 
1251-6567 (Conn) 


A6 
* All Rev A, Rev B 
and some Rev C 


8120-3108 (Cbl)** 
1251-6567 (Conn) 


A14 {(A4) 
63325-66514(04) 


W32/A652 


8120-3216 (Cbl)** 
1251-5064 (Conn) 


A23 (A7) 
® All A7 Revisions 
and A223 
RevA/RevB 


W30/A23J30 


A3 
03325-66503 


W33/A6J3 8120-3108 (Cbl}** 
1251-6567 (Conn) 


AG 
* All Rev A, Rev B 
and some Rev C 


A21 {Al} AG W31/A6J4 8120-3108 (Cbl)** 
03325-66521(01) * All Rev A, Rev B 1251-6567 (Conn) 

| and some Rav C 
A23 (A7) A14 (A4) W30/A14J30 8120-3216 (Cbl)** 


* All Ad Revisions 1251-5064 (Conn) 


and A1l4 Rev A 


03325-66523(07)} 


** Assemblies ordered for replacement contain the new connectors, however, the newer (gray) cables are 
not included. They must be ordered separately along with the connectors for the destination assemblies. 


Note - Because of the increased reliability, all cables and connectors should be changed regardless of the 
assembly and destination assemblies involved. Cable and connector replacement is recommended even if 
board replacement is not required. 


® Note - if necessary (although not recommended), a newer replacement assembly may be fitted with the 
. older connectors (P/N 1251-4494, 21 pin/ 1251-4390, 14 pin) for use with the older (white) cables (P/N 
8120-2577, 5in/8120-2576, 2.3in). 


(eee 
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permitting access to both sides of the assernbly for ser- 
vicing. All cables may be left in place and the instrument 
may be operated with a board in the vertical position. 
After releasing the printed circuit board by removing all 
screws, screw the square fasteners back into their threaded 
standoffs, and insert the edge of the board into the slots 
in the fasteners, as shown in Figure 8-28(a). The -hp- part 
number of the fastener is 0570-0621. Newer 3325s may 
not have these standoffs installed. 


Make sure that the fasteners do not contact 
any circuitry other than the ground plane. 


8-113. AG, A14, A3, A21, A23 Connector Compatibility. 


8-114. 3325A’s with serial number 1748A04250 or below* 
contain PC assemblies with certain cables and connec- 
tors which are not compatible with later revision boards. 
When replacing A6é, Al4, A3, A21, or A23 in 4 3325A 
in the range identified above, the connector(s) on the 
older destination assembly must be changed in order to 
be compatible with the cables used with the newer boards. 


Model 3325A 


For example, if the A6é Controller assembly is replaced 
in a 3325A containing the older boards and cables (white), 
connectors Al4J1, A3J1, and A21J1 on the destination 
assemblies must be replaced also. The new connectors 
which can be mounted in the same holes as the old ones, 
were implemented because of their greater reliability. 


Table 8-2 identifies the assemblies, cables, and connec- 
tors affected when board replacement is necessary. 


8-115. TROUBLESHOOTING INFORMATION. 


8-116. Service information is organized into service 
groups, which include schematic diagrams, block dia- 
grams and troubleshooting information for specific areas 
of the instrument. Paragraph 8-2 contains an index of 
the circuits and the service groups in which they can be 
found. 


8-117. Test Equipment Required. 


8-118. Table 8-3 lists the test equipment needed to 
troubleshoot the 3325A. Any equipment that meets or 
exceeds the critical specifications may be substituted for 
the recommended model. 


Table 8-3. Test Equipment for Troubleshooting. 


Critical Specifications Recommended Model 


Signature Analyzer Signature: 4-digit hexadecimal 
Characters: O thru §,A,C,F,H4,P,U 
Threshold: 

Logic 1:+2.2V 

Logic O: +0.5V 
Clock Frequency: = 1.5 MHz 


Pulse Rate: 500 kHz 
Pulse Width: 3 1 xs 
DC Offset: 1V 


Pulse Generator 


DC Function 
Ranges: .1 to 100 V 
Accuracy: 0.2% 
AG Function 
Ranges:.1 to 100 V 
Accuracy: 4 0,5% 
Ohmmeter 
Ranges: 1000 to 1 MQ 
Accuracy: +1% 


Digital Multimeter 
4 Digit 


Vertical 
Bandwidth: de to 100 MHz 
Deflection: 5 mV to 10 V/div 
Horzonta! 
Main Sweep: 50 ns to 2 8/div 
Delayed Sweep; 50 ns ta 20 ms/div 


Oscilloscope 
2 channel 


Electronic Countar Frequency Measurement: to 20 MHz 
Accuracy: + 2 counts 


Resolution: 8 digits 
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hp- 50044 Logic Circuit Troubleshooting 


hp- 33124 Logic Circuit Troubleshooting 


“hp: 34664 General Troubleshooting 
-hp- 17404 General Troubleshooting 


-hp- 53284 


+N Counter Troubleshooting 


Model 3325A 


COAXIAL CABLE = 1 


METER -hp- PART NO. 


8120-0144, 


NUT -hp- PART NQ, 


1250-0050, 


BNC BODY -hp- PART NO. 


1260-0062. 


BNC PIN -hp- PART NO. 


1250-0089, 


PHONO PLUG -hp 
NO. 1251-0698. 


Figure 8-27. Adapter Cable. 


by 


tne | 
met Phi 


Figure 8-28(a). Access to Reverse Side of Assemblies. 
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8-119. Adjustments Required After Repair. 


8-120. Following repair of some circuits, certain adjust- 
ment procedures must be performed to assure proper 
operation of the instrument. These adjustments are 
shown in Table 8-4. 


8-121. Basic Troubleshooting Procedures. 


8-122. Make sure all cables and connectors are firmly 
scated and that the flat cables from A6 to A21, A3, and 
Ald are properly aligned in their connectors. Look for 
burned or loose components. Also make sure the 
microcircuit packages that are mounted in sockets are 
firmly seated. 


8-123. The flowchart of Figure 8-28(b) may be used to 
help isolate the trouble. Some symptoms that are iden- 
lifiable from the display, outputs, or response to inputs 
or entries are given in Table 8-5, along with suggested 
areas to begin troubleshooting. 


8-124. Orientation Of Components. 
8-125. A square pad is used on the printed circuit board 


to aid in orientation of certain components for replace- 
ment and in identification of connections. 


Component Square Pad Identifies 
Integrated Circuit Pin 1 
Transistor Emitter 
FET Transistor Source 
Diode Cathode 


Electrolytic Capacitor Positive Connection 
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8-126. Mnemonic Dictionary. 


8-127. Most of the logic and data signals in the 3325A 
are identified on the schematic diagrams by a mnemonic, 
which is essentially an abbreviation of the signal name. 
Table 8-6 is a dictionary of the mnemonics used in the 
3325A. 


8-128. Logic Troubleshooting by Signature Analysis. 


8-129, Because of the increased complexity of the logic 
circuits used to control many instruments, malfunctions 
in these circuits are very difficult to locate. The concept 
of Signature Analysis is based on the fact that at a par- 
ticular point in a circuit, the data pulses are predictable 
under specifically programmed conditions. An instru- 
ment such as the -hp- 5004A Signature Analyzer com- 
presses the data at a given point during a controlled time 
span (window) and displays the resulting four-character 
signature, This signature indicates whether the correct 
data was present at the measurement point, and this in- 
formation can be used to locate a defective component. 
The signature analysis method is used to troubleshoot 
the 3325A logic in Service Groups A, B, and C, 


8-130. The flowchart of Figure 8-28(b) and the symptoms 
listed in Table 8-5 may direct you to a Signature Analy- 
sis Test in Service Group A, B, or C. Basically, the vari- 
ous tests apply to the following circuits: 


Table 8-4. Adjustments Required After Repair. 


Service Para. 
Circuit Repaired Group Adjustments Required No. 
A 


Keyboard 

HP-IB 

Control 

Voltage Controlled Oscillator 

VCO Buffer 

+ N.F Counter 

Fractional N Analog 

30 MHz Qscillator 

Sine Amplitude & Amplitude 
Mod. 

Mixer 

D/A Converter and Sample/Hold 

Ramp Gating Circuits 

Output Amplifier 


Sweep Range Circuits 
X Drive Integrator 

High Stability Reference 
Power Supply 
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None 

None 

None 

VCO Frequency 

None 

None 

Analog Phase interpotation 
30 MHz Reference Oscillator 
Amplitude Gain 


on 
7 
oo 


pray 


a 


Mixer Spurs 

D/A Converter Offset 
Ramp Stability 
Arnplifier Bias 
Amplitude Flatness 

X Drive 

X Drive 

High Stability Reference 
Power Supply 

D/A Converter Offset 


Po wo 


an TOA ane 
Sow! 
PRN OD 


1 4 
on 
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Test Page 
ROM 8-C-2 
4] 8-C-6 
] 8-C-15 
2 8-C-23 


Cireuits Tested 


ROM’s (A6U1-4), Processor 
(A6U9), and Buffer (A6U10). 
Unless these circuits are 
operating properly, none of 
the other tests will work. 


This test ig a point-by-point 
signature analysis of all IC’s 
on the A6é assembly. 


Tests the ROM/RAM address 
registers and buffer circuits. 


Checks the ability of the RAM 
address register to count up 
and down. Checks RAM out- 
put data. 


Service 


Checks the HP-IB data path 
from the processor to the 
HP-~IB connector and back. It 
does not check the handshake 


Checks the ability of the pro- 
cessor to identify front panel 
switch closures. Also checks 
AS LED drivers, current 
sources, and digital circuits. 


3 8-B-] 

circuits. 
4 8-A-2 
4 8-C-29 


Checks the data path from the 
processor to the fractional N 
control IC (A21U19), and 
checks several operations of the 
fractional N control. 


Ticubleshoaring FPanedures 


No front panel display or 
annunciators. 


Abnormal! display char- 
acters (partial characters 
or all segments stay on), 
no résponse to front panel 
entries, 


Display appears normat, 
but AO response to frant 
panel entries. 


Instrument accepts én- 
tries but has no signal or 
sync outputs. 


No signal output; sync 
output correct, 


Will not sweep frequency. 


X Drive, Z Blank, or Mark- 
er signals incorrect. 


When External Reference 
or Option 001 is con 
nected to rear panel REF 
IN, front panel EXT REF 
annunciator does not light 
or flashes on and off, 


Output frequency incor- 
rect. 


Table 8-5. Trouble Symptoms. 


If power supply voltages are correct 
{see Service Group QO) go to Service 
Group C; if not, troubleshoot power 
supply, Service Group O. 


Service Group C 


Service Group C 


Service Group K 


Service Group L 


Service Group E 


Service Group N 


Service Group G 


Service Group G 


No AUX output or incor- 
rect frequency (sine func- 
tion 21-60 MHz); front 
panel output normal. 


Arnplitude Modulation 
does not respond proper- 
ly. 


Phase Modutation does 
not respond properly. 


Display reads OSC FAIL. 


Output amplitude incor- 
rect forall functions, 


Instrument accepts front 
panel entrias but will not 
program from HP-tB, Fails 
HP-IB Performance Test. 


OSC. FAIL display indica- 
tion but oscillator circuits 
gheck good. 
Display or keyboard 
switch problems. 


Control problems, or in- 
strument “‘locks up’ and 
will not accept entries, 


Cannot perform Signature 
Analysis Tests 1,2, or 3. 


Above tests do not locate 
the defective component. 


Troubleshooting Procedures 


Sarvice Group D 


Service Group G 


Service Group F 


Service Group D 
Service GroupL 


Service Group B, 
Signature Analysis Test 3 


Service Group C, 
Signature Analysis Test 5 


Service Group A, 

Signature Analysis Test 4 
Service Group C 

Signature Analysis Tests 1, 2 
Service Group C 


ROM Signature Analysis Test 


Service Group G 
Signature Analysis Test 0 
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Table 8-6. Mnemonic Dictionary. 


Model 3325A 


Definition 


HATL 
HATN 
HATT 


HBBCL 

LBCL 

HBDC@ 
thru 

HBDC1 

HBDS1 
thru 

H BDS2 

HB} 

HBIG 

LBOR 

H BPID1 
thru 

H BPID8 

HBPOD1 
thru 

H BPODS 

HBSID 

HBSOD 


LCAR 
HCDN 
LCHK 
HCODA 
ti CODB 
HCSO 
thru 
HCS2 
HCS@D 
thru 
HCS2D 
HCS10D 
thru 
HCS2DD 
LCSR 
LCSRZ 
HCUN 


LDAC 
HDCO 
thru 
HOCE6 


LDOE 
HDS@ 
thru 
HDS3 
LEC 
HEOI 


HEFND 


HIAK 
HIBt 
HiEN 
LIFC 
LIFC* 
Hil 
LIMBP 
LINV 


HKCI 


LLCN 
LLDI 
LLDO 
LLMBL 
HLNG 
LLRAR 


LLRCR 
LLRP 


Addressed to Listen 
Attention 
Addressed to Talk 


Bus Clock on HP - |B side of isolation 
Bus Clock to HP-IB 


Direct Control @- 1 on HP-IB side of 
isolation 


HP -IB Data Serial 1-2 


Bus Interrupt 
Bus Interrupt Gated 
Borrow (from RAR Low) 


HP-18 Parallel Input Data 1-8 


HP--!B Parallel Output Data 1-8 


HP-IB Serial Input Data 
HP--IB Serial Output Data 


Carry (from RAR Low) 
Count Down Enable 
Check 

CodeA 

CodeB 


Chip Select @-2 


Chip Select @- 2 Delayed 


Chip Select 1-2 Doubly Delayed 


Clock Shift Register (Keyboard & Display} 
Clear Select ROM Zero 
Count Up Enable 


Data Accepted 


Direct Control @-6 


Data Out Enable 
Device Select 0-3 


External Clock {to N.F Chip) 
End or Identify 


Fetch New Data 


Interrupt Acknowledge 

Inhibit Bus Interrupt 

Interrupt Enable 

Interface Clear 

Interface Clear Latched 

Interrupt Inhibit 

Inhibit Machine Bus to Processor Bus 
Instruction Valid (to N.F Chip) 


Kilohertz Clock interrupt 


Load RCR Enable 

Load Data In 

Load Data Out 

Load Machine Bus Latch 
Listening 

Load RAM Address Register 


Load RAM/ROM Contral Register 
Load RAM Page Register (from Decoder) 


Machine Bus Latch@-7 
Main Clock 


Machine Data Bus @-7 


New Byte Accepted by Acceptor 
Handshake 

New Byte Available to Source Handshake 

Enable Machine Bus Latch to 
Machine Bus 

New Data Ready 

Enable Machine Bus to Processor Bus 

Enable RAM Address to Machine Bus 

Enable Reset Code A 

Enable RCR to Machine Bus 

Enable ROM Data 

Enable Sweep Limit Flag 


Output Data Valid 


Processor Data Bus 07 


Parallei input Data (from HP-!B, 
Processor side of Isolation) 

Preset 

Program Source Gate 


ROM Address @- 11 


Read Arithmetic Data (from N.F Chip) 
RAM A Enable 

Read Bus Address 
Read HP-IB Data 

RAMB Enable 

Reset CodeA 

Reset CodeB 

RAM C Enable 

Remote Enable 

Ready for Data 

Read Function Flags 
Reset Fetch New Data 
Read Interrupt Register 
Read Keyboard Data 


RAM ADDRESS 9-9 


Reset Output Data Valid 
Read Signal Source Data 
RAM Write Enable 


Select RAM Address Register 

Set Addressed to Listen 

Set Addressed to Talk 

Set CodeA 

Set Code 8B 

Select ROM/RAM Control Register 

Set Fetch New Data 

Sweep limit Control 

Sweep Limit Flag 

Sweep Limit Interrupt 

Select Monitor 

Select Machine Bus (from Decoder) 

Select Machine Bus Latch 

Serial Output Data to HP-!B, Processor 
side of Isolation 

Set Output Data Valid 

Spare 

SelectRAMA 

Select RAMB 

Select RAMC 

Select RAM (from Decoue.: 
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Set POWER Switch From ; 
STBY TOON 


Are 
Is Determine Reason For Bad Fu: 
Does Any Front bedosdal nds tre ol Ahclll atted 
’ ; Rear Panel And Replace. See Service G: 
> place. See Service Group 
eb ecm Fuse Good? 


YES YES 
Check A2K1 And Fan. See Serv- Check Power Supplias. Service 
ice Group 0. Group 0. 


Does A 
Front Panet re 
. 7 i Does 
Display Indicate: Is Display , 
Function Sine Display Blank? Characters Display Head 
Frequency» 1000.0 Hz Abnormal? OSC FAIL? 


Are Go To vco 
Power Supply Troubleshooting. Service 
Woltages Correct?:? Group D. 
Service Group 


Press: Check Pawar Supplies Service Go To Logic Trouble- 
Blue Key Group 0. shooting. Service Group 
SELF TEST A. 


Did Go To Logic Trouble- 
AILLED's shoating. Service Group 
Light? Ci 


Did Did Did 
Display Display Display PASS 3[ Go To Symptom Table 
Momentarily Momentarily Momentarily 8-5 
Read: Read: Read: 
FAIL [ FAIL 2 FAIL 3 


Go To Sine Wave Trouble- eit a wove TOU: Go To Triangle Trouble- 
shooting, Service Group J Group J g. shooting, Service Group J 


Figure 8-28(b). Basic Troubleshooting Procedure. 
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GENERAL SCHEMATIC NOTES 


pe De 


. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN. 


PREFIX WITH ASSEMBLY OR SUBASSEMBLY DESIG- 
NATION(S) OR BOTH FOR COMPLETE DESIGNATION. 


. COMPONENT VALVES ARE SHOWN AS FOLLOWS UN. 


LESS OTHERWISE NOTED. 
RESISTANCE IN OHMS 
CAPACITANCE IN MICROFARADS 
INDUCTANCE IN MILLIHENRYS 


DENOTES EARTH GROUND. 
= SEO FOR TERMINALS WITH NO LESS THAN A 
* NO. 18 GAUGE WIRE CONNECTEO BETWEEN 
TERMINAL AND EARTH GROUND TERMINAL OR 
AC POWER RECEPTACLE. 


ae DENOTES FRAME GROUND. 

USED FOR TERMINALS WHICH ARE PERMA. 
NENTLY CONNECTED WITHIN APPROXIMATELY 
0.1 GHM GF EARTH GROUND. 


ASSEMBLY. (PERMANENTLY CONNECTED TO 


| DENOTES GROUND ON PRINTED CIRCUIT 
FRAME GROUND). 


———$ —- — DENOTES ASSEMBLY. 
PATH. 


—a oes ENOTES FEEOBACK 
PATH. 


eS OENOTES FRONT PANEL MARKING, 


a Oe 
' ; DENOTES REAR PANEL MARKING. 


ad DENOTES SCREWDRIVER ADJUST. 


% AVERAGE VALUE SHOWN, OPTIMUM VALUE SE- 
LECTED AT FACTORY, THE VALUE OF THESE 
COMPONENTS MAY VARY FROM ONE INSTRU. 
MENT TO ANOTHER. THE METHOD OF SELECTING 
THESE COMPONENTS 1S DESCRIBED IN SECTION V 
OF THIS MANUAL. 


SS 
“J p+ DENOTES SECOND APPEARANCE OF A CON. 
m6 NECTOR PIN. 


(924 pDENOTES WIRE COLOR: COLOR CODE SAME AS 
RESISTOR COLOR CODE. FIRST NUMBER IDEN- 
TIFIES BASE COLOR, SECOND NUMBER IDEN- 
TIFIES WIDER STRIP, THIRD NUMBER IDENTIFIES 
NARROWER STRIP. (eg. 924; = WHITE, RED, 
YELLOW.) 


. ALL RELAYS ARE SHOWN DEENERGIZED. 


DENOTES BUFFER 


"ot “qd >~" 


DENOTES INVERTER 


A 
B Q 
¢ 


POSITIVE AND 


= 


NEGATIVE OR 


= WP a 


POSITIVE NAND 


onupL 


amp 


om > 
Qo 


NEGATIVE NOR 


A 
B Q 
C 

NEGATIVE NAND 
A 
B Q 
Cc 

POSITIVE NOR 


A 
a 
B 


EXCLUSIVE OR GATE 


I a ae eR el 


b Tororiorerery|> 
Iireresgeiios)9YS+srTr |S 


ok eal ror ar 
po | eae oO Re ORY Fad 


rrmrrrrerereerisp 
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JACK XA2 1S MOUNTED ON 
CHASSIS OR ANOTHER ASSEMBLY 


Pt tS NOT MOUNTED 
ON A2 ASSEMBLY 
(COMPLETE DESIGNATOR IS Pi) 


WIRE COLOR: COLOR CODE IS THE SAME 
AS THE RESISTOR COLOR CODE. FIRST 


REFERENCE DESIGNATIONS 


ASSEMBLY ASSEMBLY 
REFERENCE ASSEMBLY PART NUMBER 
DESIGNATION NAME (INCLUDES A2Ai SUBASSEMBLY) 


POWER SUPPLY (OOXXX-66501) | 


PLUG Pi 1S MOUNTED ON ASSEMBLY OR iS PART 
pir” OF THE ASSEMBLY BOARD (COMPLETE DESIGNATOR !S A2Pi) 


FERRITE 


AD 
TEST VOLTAGE oy 


page rOMPLere DESIGNATOR I$ A2R4 


SUBASSEMBLY OF A. 
(COMPLETE DESIGNATOR 1S A2AI) 


aes INDICATES Al 
PIN OF XAZ AND Pt 


\ MALE STANDOFF 


PIN CONNECTOR 
EYELET OR STAND- | ‘ MAY OR MAY 


NUMBER INDICATES BASE COLOR, SECOND '! OFF TERMINAL, MAY OR 
NUMBER INDENTIFIES WIDER STRIP, ANO 4 MAY NOT BE NUMBERED COMPLETE NOT BE NUMBERED 


THE THIRD INDICATES THE NARROWER 
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DENOTES SCHEMATIC 
os (ates CONNECTION 


CONNECTOR ON 
A WHT/RED WIRE 


- DESIGNATOR “A 
STRIP, (924, DENOTES WHT/RED/YEL WIRE) | £° ie IS AZAIRI | i 


4 


PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH ASSEMBLY OR SUBASSEMBLY 


DESIGNATION(S) OR BOTH FOR COMPLETE DESIGNATION 


STD-B-2192 
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SERVICE GROUP A - KEYBOARD AND DISPLAY. 


Troubleshooting Information. 


The most common problern with the AS front panel assembly are stuck keys. A stuck key 
is often noticeable by its ‘‘lack of play’’. The following troubleshooting hints are intended 
to help determine whether a problem on the A5 assembly is due to a malfunctioning key or 
a component failure. 


1. Check the 1kHz clock signal at TP1, TP2, and TP3. The 1kHz clock is the rate at 
which a logic ‘'1'*, supplied by HMD4 of the machine data bus, is shifted through 
registers U6 and U3. 


2. Check U3 pin 13 for a 5V pulse every 16ms. A 5V pulse on this pin at a 16ms rate indi- 
cates that shift registers U6 and U3 are functioning properly. 


3. Using an oscilloscope, look at the inputs (DO-D3) to U8. A negative going pulse on one 
of these inputs occurs when a front panel key is pressed. A negative pulse that is present 
when no keys have been pressed indicates a stuck key. 

4, Check the machine data bus lines at the input and output of U9 for logic level transi- 
tions. The same level present at the input and its corresponding output indicate a problem 
with U9, 


9) 5. Signature Analysis Test #4 can be used to determine if a key is stuck. This test also 
oy checks the LED drivers, current sources, and digital circuits. 


Removal of Keyboard Printed Circuit Assembly A5. 


Disconnect the flat gray cable to the keyboard assembly from A6, and disconnect the signal and sync 
output cables from the front panel. 


Remove the plastic trim strip from the top of the front frame by prying up with a small screwdriver 
or similar tool in one of the slots near cither end of the strip. 


Remove the two screws from the top of the front frame (beneath the trim strip) and two correspond- 
ing screws from the bottom side of the front frame. 


Push the printed circuit board and front panel assembly forward to remove from the front frame. 


Remove the ten screws that hold the printed circuit board to the front panel assembly. 


Replacement of Keyboard Switches. 


The keyboard switches (except the power switch) may be removed by using a hot soldering iron to 
®@ melt the plastic tabs on the back of the printed circuit board that hold the switch to the board, 
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The keycap is press-fitted to the switch and may be pulled off. 
To install a new switch, make sure the switch is oriented properly, hold it firmly against the 


printed circuit board, and ‘‘rivet’’ the plastic tabs with a flat soldering iron tip. Be careful 
not to apply so much heat that the tabs are completely melted. 


SIGNATURE ANALYSIS TEST 4, 


This test checks the ability of the processor (A6U9) to identify front panel switch closures. It 
also checks the A5 LED drivers, current sources, and digital circuits. 


This test uses two methods of signature analysis. The main difference between these 
methods is: 


Method 1 tests a repetitive data stream for a fixed period of time and generates a 
single stable signature. 


Method 2 tests a logical 1 (+5 V) for several periods of time, which are deter- 
mined by the 3325A processor in response to the errors it has sensed or the test 


routine that has been programmed. Each situation produces a unique stable 
signature. 


Some signatures in this test are observed at IC’s which are on the front panel printed circuit 
board, A5. Use the following procedure to gain access to the front of this board: 


a. Disconnect the internal cables from the Signal and Syne output connectors. 


b. Remove the plastic trim strip from the top of the front frame by prying up with a small 
screwdriver or similar tool in one of the slots near either end of the strip. 


c. Remove the two screws from the top of the front frame (beneath the trim strip) and 
two corresponding screws from the bottom side of the front frame. 


d. Push the printed circuit board and front panel assembly forward to remove from the 
front frame. Be careful not to put stress on the flat cable to the front panel assembly. 


e. Remove the ten screws that hold the printed circuit board to the front panel assembly. 
Use the following procedure for Signature Analysis Test 4: 
a. Set the 3325A POWER switch to STBY. 


b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays. 
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c, Connect the signature analyzer as follows: 


Start and Stop... 
Ground........,. 


apd Wi ah paar attecne Selah te SA CLK (at left of A6U9) 
im Sale Wik arate Kate SA S/S (at right of A6U15) 
spe Gace brace eae naneeen oerate 3325A ground 


(stiffener channel on deck between A6 
and A21 or any Ground test point) 


d. Set the signature analyzer controls as follows: 


e. Make sure the C5@, CS1, & CS2 shorting connectors (near right front corner of A6) are 


in the center position. 


f. Connect A6TP3 and A6TP6 to ground. 


@. Sct all bus address switches (A651) to the OFF position. See switch drawing below. 


se a 


0 1 

Coit} 5 

CoE] | 4 

CTdI/ 3 Address Switches 
Er] 2 

a 

CT} LON = Listan Only 

C°T3 | ROM - ROM Disable (For Test Only) 


h. Set 3325A POWER switch to ON. 


i. Disconnect ground from A6TP3, then A6TP6, 


j. Set bus address switch 4 to ON. 


k. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the 


center of AGis +5 V. 


1. Follow the flow diagram from START. If no stable or valid signatures are obtained, 
the processor (A6U9) or the ROM’s (A6U1-4) may be defective. Use the ROM Signature 
Analysis Test to check these components, 


NOTE 


After completion of the test, be sure to replace all cables, jumpers, 
and switches to the normal position. 
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\B 


NO 


firs 8-99 
cht Wf 


+5V = 4F21 = 


YES 


Are Allteds On [ES 


Place Signature Analyzer 
Probe on +5¥V. Press and 
hold each key and read 
the signature. If any 
signature is incorrect, 


take the ‘‘NO’' exit from 
this biock. All LEDS 
should be ON except 
while a key is pressed. 


Key Signature List 


Sig- 

Key nature 
Local HOFH 
Start Cont 6475 
Start Freq F431 
Stop Freq 1OF4 
Reset’Start 991H 
Marker Freq OF40 
Sweep Time CHPU 
Frequency 4310 
Amplitude C433 
Phase AU7C 
OC Offset 6HOF 
Blue Prefix U7CP 
Store 5991 
Recall 6647 
Clear 76U5 
Minus HHCH 
0 FHO1 
4 3405 
2 KO16 
3 4058 
4 6747 
5 SPSH 
6 7AT7 
7 POHU 
8 C875 
9 P1H4 
Period C76U 
Sec HCHS5 
MHz FHH2 
kHz 3374 
Hz FFHH 
DEG 374A 
Up Arrow 82CP 
Down Arrow OAUS 
Left Arrow 2CP7 
Right Arrow AUSH 
Sine HA2P. 
Square 68CC 
Triangte A2PF 
Ramp Up 8Ccc3 
Ramp Down 023H 
Amptd Cal 23HC 


Signal Output 8U6P 


YES NO 


Y 


If the signature is mot 
4F21, indentify the faulty 
circuit by finding the ac- 
tua! signature in the. key 
signature list. Then place 
the probe on the point 
shown below apposite the 
signature. lf the signature 
observed at this point is 
the same as the previous 
signature, take the “YES” 
exit trom this block. If not, 
take the ‘‘NO”' exit. If the 
signature does not corres- 
pond to any on the list, go 
to the ROM Signature 
Analysis Test. 
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Connection. 
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A6U16-3 
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mw 
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Press and Hold the designated key 
and read the signature at the IC pin 
indicated, 


IC Pin Sig. 


A5SU5-4 9P9R 
AS5US-3 = FHO1 
A5U5-5 = 76U5 
ASU5-9 = HAZP 
Ramp Down AS5U5- = 23HC 
Up Arrow AS5U5- = 82CF 
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Freq A5U1- 
MHz A5U1 
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Om ne 
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AH OMNWH Aa 


Wa 


NO 
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Troubleshoot 
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Press and Hoijd the designated key 
and read the signature at the IC pin 


NO indicated. 
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Sine A5SUS-9 = HA2P YES YES 
Ramp Down = A5U5-11 = 23HC A5TP3 = FUIS Troubleshoot 
Up Arrow —-ASUS-13 = 82CF us 
8 A5U1-1 = C875 NO 
Phase ASU1-3 AU7C 
Store ASU1-5 5991 
Local A5U1-9 = 6HOF Troubleshoot 
Freq A5U1-11 = F431 A6U25 or A6-To-A5 Can- 
MHz A5U1-13 = FFHH nections 
NO 
Troubleshoot 
ASUS, U6, or Switch 
A5U9-2 YES YES Troubleshoot 
Are Many Leds Off A5Z1-28 or A5U2, U4 or 


ASTP1 = 3056 = 
A5UQ9-5 


NO ASUS-6 
A5U9-9 


U7 


ASUS 12 
ASU9-15 
A5U9-16 
A5U9-19 


Troubleshoot 
A6U16 or A6-To-A5 Con- 


Check For Defective Leds 
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Figure 8-29, Signature Analysis Test 4. 
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WRITE KEYBOARO 
OISPLAY DATA 


8 SEGMENT SELECT 
CURRENT (7_ SEG, AND DECIMAL I} DIGIT 
SOURCES NUMARIC D|SPLAY 


DIGIT ENABLE 
{11 LINES) 


RRENT 
CeeNeS 1(5 LINES) 


(6-31T 


SERIAL IN 
MACH | NE 
DATA BUS C5 PARALLEL 


(@ LINES) ANNUNC | ATOR 
REGISTER {8 LINES} MATRIX 


{16 LINES} 


CLOCK SHIFT 
REGISTER ; SCAN CYCLE EVENTS 


12 
SHIFT 
- ules reoister|[2 [3]4]5[6{7 [8] sfioht fi2i' aig sig 


R 
KEYBOARD 
SCAN TWELVE 
112 LINES} KEYBOARD MATIX LINES 


4 {4 LINES) | ceysoarn ENABLE ELEVEN ENABLE FIVE 
aon TRI-STATE 
MATRIX NUMERIC DISPLAY ANNUNC | ATOR 
14 LINES} DIGITS SETS 


3325a~3 


Keyboard and Display Block Diagram 
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Designator Board Location Designator Board Locetion 


C1 G 
e2 : 
Sy : R22 c 
Ge M R23 A 
cé G 
c7 F $i H 
cs A $2 H 
ce B $3 H 
c10 A S4 G 
CRi H $5 F mee 
cR2 G $6 F DSEE 
CRB G $7 H Ulett Rd 
cra G $8 H soezpere Ceti 
CRS kK $9 G TESTI pers 
$10 F TTF 
CRE H 811 F Is 
CR7 G $12 F 
cra F $13 E 
cra F $14 E 
CRIO H $15 E 
S16 D 
cR11 H $17 D 
CR12 G $18 E 
CA13 F $19 é 
cR14 F $20 E 
cA1S G $21 D 
$22 D 
CR16 F $23 E 
cR17 c $24 E 
cR1B c $25 E 
cR19 B 
cR20 c $26 D 
$27 D 
CR21 Cc $28 E 
CR22 B $29 E 
CR23 c S30 E 
CR24 c $31 D 
CR26 8 $32 D 
$33 c 
$34 c 
CR26 B S35 c 
CR27 B $36 c 
CR28 B $37 B 
cR29 B $38 B 
CR30 A $39 A 
CR31 A S40 A 
CR32 A $41 A 
CR33 A $42 A 
CR34 A $43 A 
CR34 A $44 H 
CcRaS A 
CR36 A : 
Test Points 
4 Cc 
J c ; 
ut c 3 G 
al A GND A 
Q2 A GND G 
a3 A 
a4 A ui S 
U2 G 
U3 F 
a5 A U4 E 
a6 A Us D 
c A U7 ¢ 
aa A ue . 
ug B 
a A ur0 F 
R3 A ull f 
R4 A U12 F 
R5 A U13 £ 
u14 E 
U15 E 
u16 D 
= R Ui? D 
RB A u18 ie] 
RO A utg BD 
R10 A u20 c 
R11 A 
R12 A 
R13 A 
R14 A 
R16 A 03325-66505 
R16 A 


*Revisian A, Revision B, and Revision C 03325-66505 boards are identical regarding component layout and values. The revisions reflect manufacturing 
changes only. 
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Figure 8-30. Keyboard and Display, AS. 
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Model 3325A Service 


SERVICE GROUP B - HP-IB CIRCUITS. 


Troubleshooting information. 


The most common failure on the HP-IB portion of the A6é board are the optical isolators. The optical 
isolators are used because of the electrical isolation of the HP-IB circuitry from the rest of the assem- 
bly. The following hints suggest various procedures for troubleshooting this section of the assembly. 


1. The HP-IB circuitry has its own +5V power supply (U65/U74). If HP-IB problems are sus- 
pected, the first step should be to determine if +5V is present. 


2. Using an oscilloscope and a probe, check both sides of the optical isolators for legitimate TTL 
levels. The oscilloscope and probe can also be used to check the data path between the processor and 
the HP-IB connector. 


3, The continuity of the data path from the processor to the HP-IB connector and back is also 
checked by running signature analysis test #3, 


4. A check of the handshake circuitry is made by running signature analysis test #0 (Service Group 

C). This test writes signatures to every point on the A6 board*. When used in conjunction with the 

schematic, one can check the signatures at the output and input of the individual chips. If a chip 

has an incorrect output signature, one should then check the input signature. If the input signature 

is incorrect, then the output signature of the preceding chip should be checked. By troubleshooting 
S in this manner (backwards), one can then identify the chip where the incorrect signature originated. 


* This test does not check those gates whose data comes directly from the HP-IB connector. 
If the 03325-66506 assembly is to be replaced in a 3325A with serial number 1748A04250 or below, 


or in one that contains a revision A or revision B A6 assembly, see paragraph 8-113 in the Servic- 
ing/Troubleshooting Information section. 


SIGNATURE ANALYSIS TEST 3. 


This test checks the HP-IB data path from the processor (U9) to the HP-IB connector and 
back. It does not check the handshake circuits. 


This test uses two methods of signature analysis. The main difference between these 
methods is: 


Method | tests a repetitive data stream for a fixed period of time and generates a 
single stable signature. 


Method 2 tests a logical 1 (+5 V) for several periods of time, which are deter- 
mined by the 3325A processor in response to the errors it has sensed or the test 


we routine that has been programmed. Each situation produces a unique stable 
signature. 
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Use the following procedure: 


a, Set the 3325A POWER switch to STBY. 
b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays. 


c. Connect the signature analyzer as follows: 


Clock 2s 4.5y kw beatin oa earokdunnaie SA CLK (at left of A6U9) 
Start and Stop... ..cscccseeewevcuee SA 5/5 (at right of A6U15) 
GOUMG 32638 ac OE A es ae i a ee 3325A ground 


(stiffener channel on deck between A6 
and A2], or any Ground test point) 


d. Set the signature analyzer controls as follows: 


DTG ere acer deviace ah he Dag Ps Tee Hh OU On 
Starts) iter oake Sea dco eae naa eine ae tee oe Gn) 
SLOP ss sea 2 Bh Onde ee Saas wee ee eee (in) 
Clociss si cesd tard pred ertanee es ~~ (out) 
THO diay nc isk rarer tte ao treo Seo te SES ete Off 
Sel VeStiseoycantelet ie ckeae Ren eaenaee eed Maan Off 


e. Place CS@, CS1 and CS2 shorting connectors (near right front corner of A6) in the O 
position to select ROM 1. 


f. Set the ROM Disable switch (A651) to ON (1). Set all other switches on A651 to OFF(0). 


Address Switches 


—~ Mw 


LON — Listen Only 
ROM — ROM Disable (For Test Only} 


HUH OH 


g. Connect A6TP3 (between U15 and U16) to ground. 
h. Set 3325A POWER to ON. 
i. Remove ground from A6TP3. 


j. Place the signature analyzer probe on +5V (logic 1). The large plated area near the center of 
A6 is +5V. 


If the signature is not 5159, troubleshoot A6U9 processor, A6U10 (buffer), the processor data lines 
HPDO0 through 7, and associated circuits. Refer to the ROM Signature Analysis Test. 
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k. Set bus address bit 3 switch to ON (1) (see drawing above). Note the signature obtained with 
the analyzer probe on + 5V, 


The correct +5V signature is 78CU. 
Most of the signatures taken in this test are on the 1/O side of the HP-IB isolators where the nor- 
mal SA Clock is not available. In order to take these signatures, it is necessary to supply an external 


clock as follows: 


I, Set 3325A POWER to STBY. 
m. Disconnect the signature analyzer from the SA CLK. 


n. Unsolder the end of the SA CLK jumper nearest the left edge of the board (away from U9). 


o. Apply a pulse train with the following characteristics to the SA CLK jumper: 


FREQ) 35h acdsee as Salata nace thw eaee mata Pied atte ~ 400 kHz 
ATIDIIEUGE, fo acrtsteniecdts ohne sted tee CO ea a Ee ee a ea 4V p-p 
DS OTISCE 5 cic2 oe tice, nati oe anna Lae ee ROTORS eae HERES eee Re Do Rea eins s +2V 
Pulls “Wate 8:5 25% scedsete deace Paces ard waa lad ae, Set tape ade niee igltee deb aetes = lps 
od) Connect the pulse generator ground to Aé ground (jumper in right front corner of the board). The 
-hp- Model 3312A may be used as the pulse generator. 


p. Connect a clip lead across A6V1 (left rear corner of A6) to short the isolated ground to circuit 
ground. 


q. Connect the signature analyzer clock lead to the raised SA CLK jumper (along with the 
pulse generator). 


r. Set 33254 POWER to ON. 


s. Adjust the pulse generator frequency until a stable, gated signature is obtained, in- 
dicating that the signature analyzer is triggering on the external clock signal. (The GATE in- 
dicator should be flashing and the UNSTABLE SIGNATURE indicator should be off.) 


t. The signature taken in Step k should be 78CU as indicated at the START of the flow 
diagram. If it is not 78CU, go to Figure 8-31(a) to the section of the diagram headed by the 
signature actually observed. If no stable signature or none of the signatures shown are 
observed, go to the ROM Signature Analysis Test. If Test 3 passes successfully, go to 
Signature Analysis Test 4. The tests associated with each signature heading are described as 
follows: 
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78CU - Data paths are good. 
a. With ATN grounded, signature 9P9H = ATN recognized. 
b. With REN grounded, signature 9HUH = REN recognized. 
c. With IFC grounded, signature indications are as follows: 
A77U = IFC recognized, test passes 
P9HU = IFC recognized, IFC* not recognized 
77U6 = IFC not recognized, IFC* recognized 
Other signatures = IFC not recognized 
9P9H — Illegal ATN recognized 
9HUH ~ - Illegal REN recognized 
A77U - Illegal IFC recognized 


3HCC or - Data lost in shift register 
U45H 


3102 - Data lost in I/O 


NOTE 


After completion of tests, be sure to replace all cables, switches, 
connectors, and jumpers to the normal position, 
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Figure 8-31(a). Signature Analysis Test 3. 
8-B-5/8-B-6 


Chet id Y 


+5V = SP9H 


liagal ATN Recognized 


U57-10 = 793H 


U63-9 = P7A0 


NO 


Troubleshoot 
U16 or Clock 


YES 


YES 


YES 


YES 


YES 


Troubleshoot 


NO 


NO 


Troubleshoot 
U57 


U36-11 = 6PFP YES 


U36-13 = C2PA 
NO 


Troubleshoot 
U36, U52, U75 


Controt Paths Bad From 
Processor 


Troubleshoot 


Tt 


+5V = SHUH 


YES 


Haga} REN Recognized [YES 
U87-6 = 0000 


NO 


Troubleshoot Troubleshoot 
U57- U5S7 


U61-10 = 0000 ee 


NO 


Troubleshoot 
U36, U52, U75 Troubleshoot 
61 


ron NO YES 
U60-71 = SHUH 


Interface Connection Bad. 
Troubleshoot Troubleshoot 
U6O R5 


+#5V = 3HCC 
YES 
Data Lost in Shift Register JYES Us4-6=¢ 
U37-7 = 41A4 
: Ni 
NO 
NO U36-2= 7 
YE 
Troubleshoot 
U36 
Troublesh 
u54 


YES 
U37-2 = 12HU U37-1 = 7 


NO N 

No Clock U16-1 = 1 
U16-2 = 1 

U16-3 = 7 

Uu16é-4 = 5 

Ni 

U16-6 = 3 

J 

Troubleshe 


U16, US 


is o, F-3Ih 
Sit 3 4y 


U54-6 = C2HS ves | us7-12= cere [ES U31-11 = 8353 ZS 
NO 


NO NO 


YES Troubleshoot 


U36-2= 7FIU : = 8353 
U31-12 = 8 U3) 


YES NO 


. [YES Troubleshoot 
U56-17 = 8353 U55 
NO 


Troubleshoot 
5 


NO 


Troubleshoot 
U54 


ary 
a 


Troublashoot 
NO Clock 


No Glock Ta Troubleshoot 
U57 73 


YES 
= Troubleshoot US7-2 = 66H7 Troubieshoot 
wae a a 
§ 
: 12HU U58-2 = COPA vE Troubleshoot 
= 12H7 Troubleshoot U58 


U16 


Troubleshoot 
Usa 


= = 
o oa 


Troubleshoot 
U16 


Troubleshoot 
Wi6, ug 


[is 8-315 
eere 


U38-2 
U38-4 
U38-6 
U38-8 
W38-12 
U38-14 
W38-16 
U38-18 


Fa18P 
P92a 
5508 
WUFP 
CUHO 
4FUC 
P10U 
9399 


ol ie a 


Troubleshoot 
U38 


NO 
NO 


; Troubleshoot 
us 


U38-1 = 35AU 
NO 


Troubleshoot 
W25 


Troubleshoot 
Ut5 


U29-8 = 2U64 


Shoot 
8 


Figure 8-31(b). Signature Analysis Test 3. 
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Figure 8-31(¢), Signature Analysis Test 3. 
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Board Board Board 
Designator Location Designator Location Designator Location Designator Location 
C1 G P52 A TIN G U43 c 
C2 G cso G u44 c 
c3 G a1 D cs1 G U45 H 
C4 F Q2 D cs2 G U46 H 
cs G U51 c 
cé6 G R1 G ul H U52 Cc 
C7 G R2 G U2 H U53 Cc 
R3 G U3 H U54 c 
C20 H R4 G U4 H USS Cc 
C21 H R5 F Us H U56 Cc 
C22 H RE G U6 H 
C23 H R7 F U7 H U57 8 
C24 G R8 F us G U58 B 
C25 G Ro Cc ug G U59 B 
C26 F R10 D U60 B 
C27 F R13 G u1o G U6 B 
C28 E Ri4 D uit G U62 B 
c29 E R15 Cc Uu12 G u63 B 
C30 E Ri6 Cc U13 G U64 8 
C31 E R17 c U14 G U65 B 
C32 BD R18 B U15 F U66 A 
C33 D R19 E U16 F U67 A 
C34 o R20 [e) U17 F u68 A 
C35 Cc R21 Cc U18 F U69 A 
C38 H R22 c u19 F U70 A 
C37 H R23 Cc 20 F U71 Aw 
C38 c R24 c u21 F U72 A 
c3¢ B R25 Cc U22 F U73 A 
c40 B R26 F U23 F U74 A 
C41 6 R51 8 U24 F U75 c 
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SERVICE GROUP C - CONTROL CIRCUITS. 
Troubleshooting Information. 


The majority of problems which are isolated to the A6 board can be pinpointed through Signature 
Analysis. There are, however, a series of troubleshooting checks that can be made prior to running 
the SA tests. The checks, common failures, and bricf descriptions of the SA tests are presented below. 


1. Begin troubleshooting by checking the 1.2MHz oscillator circuitry for the correct frequency. 


2. Should the instrument not turn on properly or respond to inputs, the problem could be with 
the processor. A check of the nanoprocessor (U9) can be made by disconnecting the A6é board from 
the A21 (Al) Frequency Synthesis board (W31, A6J4- A21J1), If “A-CAL FAIL” and “OSC FAIL” 
are then displayed, a significant portion of the processor circuitry is working. 


3. A further check of the nanoprocessor is to first disable the buffer (LJ10) by opening switch 51G. 
This enables a + 5V level to be present on each of the lines in the data bus. When the processor sam- 
ples cach data line, the + 5V is interpreted as a ‘‘no operation”’ instruction. The processor then incre- 
ments the ROM address and the process repeats. Using an oscilloscope, monitor the ROM address 
lines. Note that the lines should be counting at one-half the frequency of the previous line. 


4, Again, should the instrument not respond properly at turn on, check that the ‘‘turn on interrupt 
request”’ is coming from A6Q1 and U41 pin 6. This interrupt should also appear at U35 pin 2. 


5. AGUIS and A6U19 because of marginal conditions, are a common cause of ‘OSC FAIL” and 
“A - CAL FAIL”. 


6. Check the position of ROM select switches CS0-CS2. During normal operation (when SA is not 
being performed), the switches must be in their center position. Note also that the ‘‘Normal/Test”’ 
jumper used during SA sould be returned to the ‘“‘Normal’’ position following the tests. 

7. Jumper W1 is in place in standard instruments. W1 is clipped when the High Voltage option 
is installed. If the instrument is configured with the option but will not accept inputs greater than 
10Vp-p, check that W1 was not resoldcred. 

8. The nanoprocessor U9, though often replaced, is not always at fault. Because U9 (1820-1691) 
is a MOS device, care should be taken when handling $0 a§ not to create punch-through damage due 
to static electricity. If U9 is replaced, insure that A6R8 is 9.53k2, A2 

9. The Ims one shot (U8) interrupts the processor at 1ms intervals to check the front panel for 
switch closures and to refresh the front panel display. Signatures from U8 may vary from one instru- 
ment to the next due to U8 being an analog device. Any signatures, therefore, should be disregarded. 

10. The following SA tests are available for checking the A6 assembly. Note that when running 
the tests and using the bus address switch pack on the A6é board, use the logic levels and switch num- 
bers printed on the PC assembly. Disregard the numbers printed on the pack itself. 

ROM Test: Checks the ROMs, processor, and buffer. 
SA Test 1: Checks the data path from the processor to the machine data bus and back. 
& SA Test 2: Checks the RAM address counter and the RAMs. 

: 


SA Test 3: Checks the HP-IB path from the processor to the HP-IB connector and back. (See Service 
Group B.)} 
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SA Test 4: Checks the processor’s ability to identify front panel switch closures and stuck switches. 
It also checks the A5 LED drivers, current sources, and digital circuits. (See Service Group A.) 


SA Test 5: Checks the path from the processor to the Fractional-N chip. It also checks the interrupt 
lines, carry/sweep limit flag path, VCO lines, and the turn on circuit. 


SA Test 0: Used after all other tests have failed to isolate the problem. During this test, the processor 
sends digital signals to all points on the A6 board so that signatures can be taken. This test should 
be used with the schematic so that bad signatures can be traced to their origin. 


Signature analysis is not effective when trying to isolate a problem that is intermittent. If it can be 
determined that the intermittent symptom is originating from the Aé board, one should try to make 
the symptom a hard failure through heat, cold, vibration or mild shock. If the symptom remains in- 
termittent and one is certain that it is tied to the A6 assembly, then the board should probably be 
replaced. 


ROM SIGNATURE ANALYSIS TEST. 


Use this test if Signature Analysis Tests 1, 2, and 3 cannot be entered. This test checks the 
ROM’s (A6U1-4), the processor (A6U9), and the buffer (A6U10). If these components are 
not operating properly, the remaining Signature Analysis tests will not work. 


Procedure. 
a. Set 3325A POWER switch to STBY. 


b. Set all five bus address switches (A681) to OFF (O). 


These numbers are printed on this PC Board itself. Ignore any 
1 | numbers printed on the switch. 


o 


Addrass Switches 


- Nw 


LON — Listen Only 
ROM — ROM Disable (For Test Only) 


HOH MOHD 


c. Set ROM Disable switch (A6S1) to OFF (O). 


d. Move N/T (Normal/Test) shorting connector (located between U7 and 13) to T posi- 
tion. 


e. CSO through CS2 shorting connectors should be in the center position. (These are 
located near the right front corner of A6.) 
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f. Connect the signature analyzer as follows: 
(Test point next to C52 shorting connector) 
GOUNG se Hh hah ie ee i et Baas 3325A ground 


(stiffener channel on deck between 
A6 and A21 or any Ground test point) 


g. Set signature analyzer controls as follows: 


ViVi Gs Saad Sicenes Sae hae Ae ee eee ee ea aig ean deepest ON 
Starts 2 tin oa ee SON AT AMAL aeieoe ae werd le am utaatecasghery ae? ~_ (in) 
SlOD 4c. visa eee eee eis sche tebe Rie ™_ fin) 
CldGk yc cia tec ealtad wad ea S25 De Daten we _f (out) 
HOGS isicd crater enausan tow Ekle ee ein ea eg ae OFF 
Self Test: «occ 0. Seacd nee eee aed ie ek dw ee OFF 


h. Connect TP7 to ground. 
i. Set 3325A POWER switch to ON. 
j. Remove ground from TP7. 
@ If the +5 V signature is 755U continue with Step k. 
If the +5 V signature is not 755U go to Step m. 


k. Place the signature analyzer probe on the following points on A6U1 and compare 
signatures to those below. 


Correct 
A6U1 Pin Signature Data Line 


“Ata hwN Ee 


If all of these signatures are correct, the ROM’s have passed this test. Signature analysis tests 
) @ through 5 may now be performed. 


If these signatures are not all correct, test each ROM individually as follows: 
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ROM 1 (U1) Test. 


1. Move the CS1 and CS2 shorting connectors to the @ position (toward edge of 
board). 


2. Place the signature analyzer probe on the following points and compare the 
signatures. 


Correct 
A6U1 Pin Signature Data Line 


“Ao RW NK © 


ROM 2 (U2) Test. 


1, Move CS 1 shorting connector to the 1 position and CS2 to the 9 position. 


2. Place the signature analyzer probe on the following points and compare the 
signatures. 


Correct 
A6U2 Pin Signature Data Line 


NADU PUNK Oo 


ROM 3 (U3) Test. 


1. Move CS] shorting connector to 0 and CS2 to 1. 
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2. Place the signature analyzer probe on the following points and compare the 


@ signatures. 
ft, 


Correct 
A6U3 Pin Signature Data Line 


SAM hw Ne S 


ROM 4 (U4) Test. 
1. Move CS1 and C82 shorting connectors to 1. 


2, Place the signature analyzer probe on the following points and compare the 
signatures, 


Correct 
A6U4 Pin Signature Data Line 


9 0 
10 I 
lJ 2 
13 3 
14 4 
15 5 
16 6 
17 7 


After completion of these tests, replace CS1 through CS2 shorting connectors to the center 
position. 


Replace the N/T shorting connector to the N position. Set the ROM disable switch to 1. 


1, If the signature in Step j is not 755U, check the voltage level of A6U42 pin 6 with the 
signature analyzer probe. It should be high. If not, momentarily ground U42 pin 3 to force 
pin 6 high. If it is still not high, troubleshoot A6U5, U14, and U42. 


m. If the signature is still not 755U, examine the ROM address lines. 


1. Set 3325A POWER to STBY. 


A] 2. Movesignature analyzer Start and Stop leads to A6TP1 (in front of U9). 
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3. Place signature analyzer probe on + 5 V (logic 1). 


4. Set 3325A POWER to ON. 


If the signature is 826P, troubleshoot A6U14 (Chip Select Delay) and A6U15 (1.2 MHz 
Clock circuit), 


If the signature is not 826P, examine the ROM address lines HRA through HRAIO at 


Address 
A6U1 Pin Line 


A6U1. 


8 HRAQ 
i HRAI 
6 HRA2 
5 HRA3 
4 HRA4 
3 HRAS 
2 HRA6 
1 HRA7 
23 HRAS 
a2 HRAQ 
19 HRAIO 


The frequency of the signal at HRA1 should be one-half that of HRA@. HRA2 should be 
one-half of HRAI, etc., through HRA1O. None of the address lines should be a constant 
level, and no two lines should be the same. 


After completion of the test, replace the N/T shorting connector to the N position. 


After completion of all signature analysis tests, make sure the ROM Disable switch (A631) is 
set to the ON (1) position. 


SIGNATURE ANALYSIS TEST 0. 
Use of this test is recommended after the ROM test or tests 1] through 5 have failed to isolate 
the faulty circuit. This test reads all the signatures on the A6 assembly, which are presented 
in tabular form. Close attention should be paid to the schematic diagrams in Service Groups 
Band C while using this test. 
Procedure. 

a. Set 33254 POWER switch to STBY. 

b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays. 


Be sure to replace this cable carefully after completion of the test, making sure the cable is @ 
aligned properly in the connector. 
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c. Connect the signature analyzer as follows: 


Clothes tins :ideanbieaitueiawetda bade SA CLK (atleftof A6U9) 
StartandStop...........0000.0000 00 SAS/S (at right of A6U15) 
GYOUNGS ok Oia eins eee Lae a a ee 3325A ground 


(stiffener channel on deck between 
A6 and A2l, or any Ground test point) 


d. Set the signature analyzer controls as follows: 


DANG 25 6 ON SE OS ec ae ae a ties eae ha On 
PSEA crcAck Aeriven are SuteAe A ecyh ceciie we tvenee ane Daas racers ssa ™\_ (in) 
BUDS kee hot ein ee emurng waawre deg dea Arte Ree Maes in) 
COCK oie ee ePaper ae Eo a es _f (out) 
Hl de eis oiceass 5 Boe en eee ae Rah Pe hb Bah aes Off 
Sel TP ESt: haved warden ete ics wee Read auch i epie ac aed ae aed Off 


e. Place CS@, CS1, and CS2 shorting connectors (near right front corner of A6) in the @ 
Position to select ROM 1. 


f. Set the ROM Disable switch (A631) to ON (1). (See switch drawing below.) 


These numbers are printed on the PC Board itself. Ignore any 
fa} 1 | numbers printed on the switch. 


@ + | Clr] 5 
a —/CoT)| 4 
-/|CT}| 3 Address Switches 
{Cod} 2 
~~ {CTI ] 1 
+ )(-T1)] LON - Listen Only 
‘ae 


(CT) | ROM « ROM Disable (For Tast Only) 


g. Connect A6TP3 (between U15 and U16) to ground. Do not disconnect this ground 
during this test. 


h. Set 3325A POWER to ON. 


i. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the 
center of AGis +5 V. 


If the signature is FF32, proceed to Step j. 


If the signature is not FF32, troubleshoot A6U9 and U10, the processor data lines 
HPD@-7 and associated circuits. Refer to the ROM Signature Analysis Test. 


j. Set all five Bus Address switches to OFF (QO), 


@ k. Place the signature analyzer probe on the points indicated in the tables and compare 
the signatures. If no stable or valid signatures are obtained, the ROM’s (A6U1-4) or the pro- 
cessor (A6U9) may be at fault. Refer to the ROM Signature Analyzer Test. 
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Integrated circuits with designators greater than U55 are on the 1/O side of the HP-IB 
isolators where the normal SA Clock is not available. In order to take these signatures, it is @ 
necessary to supply an external clock. Use the following procedure: 


a. Set 3325A POWER to STBY. 
b. Disconnect the signature analyzer from the SA CLK. 


c. Unsolder the end of the SA CLK jumper nearest the left edge of the board (away from 
U9). 


d, Apply 400 kHz square wave with the following characteristics to the SA CLK jumper: 


FIOQUENCY 6.0 c.80 cae cee ee hae eee er ieee eee ~ 400 kHz 
Amplitude sc:2i03405 Cedi luc ds ecawe cae eas seas 4Vp-p 
DO OTS ee ch eee wees Ga nesads yu eed CUS Ty Ghee oe he +2V 


Connect the pulse generator ground to A6é ground (jumper in right front corner of the 
board). The -hp- Model 3312A may be used as the pulse generator. 


e. Connect a clip lead across A6V1 to short the isolated ground to circuit ground. 
f, Make sure A6TP3 remains grounded, 


g. Connect the signature analyzer Clock lead to the raised SA CLK jumper (along with 
the pulse generator). 


h. Set 3325A POWER to ON, 

i. Adjust the pulse generator frequency until a stable, gated signature is obtained, in- 
dicating that the signature analyzer is triggering on the external clock signal. (The GATE in- 
dicator should be flashing and the UNSTABLE SIGNATURE indicator should be off.) 


j. Place the signature analyzer probe on the points indicated in the table for IC’s with 
designators U56 and greater. Compare the signatures to the correct signatures in the table. 


NOTE 


After completion of tests, be sure to replace all cables, switches, 
connectors, and jumpers to the normal position, 
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U1 
through 
Pin U4 US U6 U7 Us ug 
1 OHCO FF32 C475 FF32 felelele) 68CC 
2 H52C 88U7 66P6 7515 AF1P 2H70 
3 3HA4 44F5 F342 C927 — FH4P 
4 2F5H 0000 AH4F 77F7 FF32 159U 
5 159U 88U7 9581 U237 FF32 2F5H 
6 FH4P FF32 2H79 41PH 3HA4 
7 2H70 0000 7010 B8HHU H52C 
8 68cc 44F5 71H5 0000 FF32 OHCO 
9 1C2P FF32 0000 O75A FF32 
10 PC97 BSU7 FA47 3F37 FF32 
11 68AF 0000 UPFB UOOS5 FF32 
12 0000 FF32 P8F2 7QOUC 744 
13 1071 FF32 1UA2 64U1 7TASA4 
14 1P24 FF32 U8S3F 0000 6CF2 
15 P4AH 8SHHU H62P UPUH 
16 467P 7515 FF32 O75A 
17 A12C P476 0000 
18 0000 FF32 U83F 
19 FF32 TUA2 
20 0000 P&F2 
(W1 and U3} 
FF32 
®@ (W2 and WA) 
21 0000 UPF8 
22 FF32 cé7c 
23 FF32 152U 
24 FF32 7UC6 
25 21P3 
26 88U7 
27 
28 0000 
29 FF32 
30 0000 
31 0000 
32 FUOQG 
33 4UFF 
34 14H 
35 
36 6 OPP 
37 U655 
38 0000 
39 FF32 
40 FF32 
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Fin U10 Uu11 U12 U13 Ui4 U1s @ 
1 44F5 AH4F AH4F FF32 FF32 
2 1C2P 7010 7C1O AQ29 SP9A 
3 U83F 2H79 2H79 6F1IC 2963 
4 PC97 9581 9581 c67Cc OTAG 
5 TUA2 66P6 66P6 152U 2AU8 
6 68AF C475 C475 593U 1104 
7 P8F2 P476 P476 950H 22A9 0000 
8 1C71 0000 0000 Oo00 0000 FC68 
] UPF8 U83F cé67c ACES 0000 O75A 
10 0000 1UA2 152u 62FP 3C7U O75A 
11 cé67c P8F2 7UCE APUF 22A9 FC68 
12 1P24 UPF8S 21P3 7UC6 CUS57 FF32 
13 152U UA2Z2 46P4 21P3 2AU8 0000 
14 P4AH FA47 FA47 95C2 3P9A FF32 
15 7UCE F342 F342 5980 3566 
16 467P FF32 FF32 FF32 FF32 
17 21P3 
18 A12C 
19 44F5 
20 FF32 
Pin Ui6é UW17 18 Uta U20 U27 
1 UPUH UPUH FF32 1UA2 162U 
2 6CF2 6CF2 9581 2H79 66P6 
3 7A54 TASS 77F7 9581 F342 
4 7U44 0000 2H79 P7U2 4AF8 
5 U237 UP89 1CF8 
6 O75A 7044 7010 7010 C475 
7 515P 9A92 70UC AH4F P476 
8 0000 0000 AH4F 0000 0000 
bs) C982 A42C¢ 641 UPFS 21P3 
10 1TAUG 6F55 H6F2 0000 P8F2 7UC6 
11 973C 4HAU 1AU0 8375 H5P4 H5P4 
12 3P18 H4FH 5CO3 F342 1CF8 2A9P 
13 565H FA47 973C yucu 4AF8 FF32 
14 7FA5 H5P4 FF32 66P6 0000 0000 
15 O9P9 AC69 3797 U83F cé67c 
16 FF32 FF32 C475 FF32 FF32 
17 783YU 
18 P476 
19 FF32 
20 FF32 
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—_ 
Oo o~ mG Af toh = 


FF32 

FF32 
0000 
FC68 

9A92 


O75A 
0000 
FF32 
A42E 
0000 


0000 
FF32 
FF32 
FF32 


Service 
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Pin U34 U35 U36 W37 U38 U39 @ 
1 FF32 FF32 HUCS5S 3P18 FF32 

2 0000 o000 1387 OSPS HO85 HOGHC 
3 4HAU 77F7 FUOG 64U1 77F7 

4 FF32 FF32 0334 7OUC CAH7 3300 
5 0000 3300 FHC U237 W237 H56C 
6 FF32 U237 O9P9 77F7 CFU7 BU2C 
7 0000 0000 0000 HUC5 7OUC 0000 
8 P6670 7OUC FF32 Q0O00 H6UC 0675 
9 39A5 0000 1337 64U1 Q75A 
10 FF32 FF32 3A67 QO000 QO000 FC68 
11 39A5 6401 U655 783U 8375 H3937 
12 FF32 AFHF 3797 PUPS O75A 
13 AFIP FF32 BOPP UUCU UUCU 0000 
14 FF32 FF32 FF32 8375 36HC FF32 
15 0000 3797 

16 FF32 872A 

17 783U 

18 4131 

19 FF32 
20 : FF32 


1 FF32 
2 AC6Y9 
3 U83F 
4 1WA2 
5 P8F2Z 
6 UPF8 
7 0000 
8 Q000 
9 0000 
10 0000 
11 UPIP 
12 2963 
13 OTA6 
14 1104 
15 0000 
16 FF32 
17 

18 

19 
20 


*FF32 W/O Jumper, 0000 Wi/Jumper 
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a) NOTE 


For signatures on U57 and above, circuitry is HP-I8. Refer to test zero pro- 
cedure, 
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1 FF32 
2 A961 
3 9OHP 
4 3F19 
5 8U58 
6 AP71 
7 1P82 
8 U5At 
9. 362P 
10 0000 
11 2PFC 
12 F129 
13 1HO1 
14 1710 
15 6932 
16 U707 
17 F955 
18 CH13 
19 5861 
20 FF32 


No signatures for U65 


No Signatures for U74 
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SIGNATURE ANALYSIS TEST 1. 


This test checks the data paths between the processor and machine data bus through A6U13, 
U20, U21, U26, U27, U28, and U45. It also checks the enable signals to these IC’s. 


This test uses two methods of signature analysis. The main difference between these 
methods is: 


Method | tests a repetitive data stream for a fixed period of time and generates a 
single stable signature. 


Method 2 tests a logical 1 (+45 V) for several periods of time, which are deter- 
mined by the 3325A processor in response to the errors it has sensed or the test 


routine that has been programmed. Each situation produces a unique stable 
signature. 


Use the following procedure: 
a. Set the 3325A POWER switch to STBY. 
b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays. 


c. Connect the signature analyzer as follows: 


Clockien. tentacle nba bape’ SA CLK (at left of A6U9) 
Start and Stop. ....... 00sec eee eee SA S/S (at right of A6U15) 
Gren A a ea ga ieee Oe ae 3325A ground 


(stiffener channel on deck betwecn A6 
and A21, or any Ground test point} 


d, Set the signature analyzer controls as follows: 


Lini€ sce act cd ecg eee had atu bras esd beaches ee ee On 
PIAL eieeil i eine tek eh ca neiaramee ew pedels aaa hee tata ceta ees ~~. (in) 
LOD dase asad antes y reese eh eater eee SOY “\_ (in) 
ClGGK 26 hod oe hates tt las pact asg amantadine _/ (out) 
HG eto eh Sa eee Sees Off 
Sell Test ccs sigs aseesce LA i Octet athens httar her ediac cat uty tare Neti Off 


e. Place C30 through CS2 shorting connectors (near right front corner of A6) in the O 
position to select ROM 1. 
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f. Set the ROM Disable switch (A651) to ON (1). (See switch drawing below.) 


OFF ON 
Oo 1 These numbers are printed on the PC board itself. 
v Ignore any numbers printed on the switch. 


§ 
4 
3 Address Switches 
2 
1 


LON — Listen Only 
ROM — ROM Disable (For Test Only) 


HOH OE 


eg. Connect A6TP3 (between U15 and U16) to ground. 


h. Set 33254 POWER to ON. 


i, Remove ground from A6TP3. 


j. Place the signature analyzer probe on +5 V (logic 1), The large plated area near the 
center of A6 is +5 V. 


If the signature is 5159, proceed to Step k. 


If the signature is not 5159, troubleshoot A6U9 (processor), A6U10 (buffer), the 
processor data lines HPD@-7, and associated circuits. Refer to the ROM 
Signature Analysis Test. 


k. Set bus address bit 1 switch to ON(1), and set switches 2 through 5 to OFF. 


l. The signature should be HCHS as indicated at the START of the flow diagram. If it is 
not HCHS, go to the section of the diagram headed by the signature actually observed. If no 
stable signature or none of the signatures shown are observed, go to the ROM Signature 
Analysis Test. If Test 1 passes successfully, go to Signature Analysis Test 2. The tests 
associated with each signature heading are described as follows: 


HCHS5 


6PCP 


AHHC 


AU96 
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- This test verifies that data can be successfully transmitted to and from the 
processor via the machine bus data latch (U27) and buffer (U28). It also tests 
U13 and U45. 


- This signature indicates a failure of the machine data bus. A 1010 data signal 
is sent from the processor on the bus through U27, U28, and U26, and read 
back into the processor. This test checks data paths, clocks, and enabling 
signals. 


- This test is identical to that for signature 6PCP except that a different data 
structure is used (0101). Since 6PCP was not displayed, the clocks and enabling 
signals are assumed to be correct. 


~ This test reads data through U20 and U21 to the address lines of U19. Data 
from U19 is then sent via U26 back to the processor, U9. This test also checks 
the enable signals to U20, U21, and U19. U26 is presumed to be good since it 
did not fail in previous tests. 


Model 3325A 


HHCH 


3AHH 


760A 


PC76 and 
H82C 


Service 


- This test is identical to that for signature AU96 except that a different address 
(1010 as opposed to 0101) is sent to U19. 


- This test sends data through U13 and U22 and tests the enable signals to these 
ICs. 


- This test is identical to 3AHH except that it uses a different data stream. 


- These tests send data to U22 via U45. Enable signals should be good since they 
did not cause a 760A signature. 


m. When incorrect signatures are encountered, troubleshoot the circuits indicated on the 
flow diagram. 


n. Following a repair indicated by this test, repeat the test beginning at START to deter- 
mine if there are any other problems that could be detected by this test. 


NOTE 


After completion of tests, be sure to replace all cables, switches, 
connectors, and jumpers to the normal position. 


NOTES 
1. A constant interrupt (low) at TP5 may be circumvented by: 


a. Set POWER to STBY. 

b. Unsolder one end of TPS. 

c. Set POWER to ON. 

d. Momentarily short across TP5. 


2. To isolate the control board (AG) from the other assemblies, 
disconnect the long flat cable going to the keyboard, and the three 
short flat cables to the other assemblies. The following conditions 
should then be observed: 


U19 pin I should be high 
U22 pin I should be high 
U35 pin 1 should be high 
U43 pin I — signature should be 5320 


After completion of the test, be sure to replace the cables careful- 
ly, making sure that the contacts are aligned properly. 
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+5V = 6PCP 


Yes 


No 


1127-11 = 3447 
Yes 
Troubleshoot 

U27 Then U28 


U9 Not Giving 
HWR Signal 


Machine Bus Failure. 
Check U28 Inputs. 


No Yes 
+5V = HCH5 


No 


Troubleshoot Ye 
uid U42-3 = HCH? 


No 


Troubleshoot 
U17, U42 


Turn-On Problem, Clock 
and Interrupt. 
See Note 1 


Check U28 Outputs 


U28-3 = HF22 
U28-5 = C29F 
U28-7 = 8P8H yes U26 
U28-9 = A4uU9 U26. 
= H613 
= 4PFU 
= C5U0 
= 7864 
No 
U33- 
Yer Troubleshoot U28. 
U28-1 = 3H9P ad Somethiing Interfering 
U28-19 = 3H9P With Data Bus 


See Note 2 


Troub 
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Yes No US N 
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No 


No = 4 Troubleshoat 
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Yes 
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Yes 


No 


Device Select 
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U14-10 
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U17-6 U22-9 = 3958 U22-18 = 1H33 


U15-13 = 0000 Tienes 
No 


Interrupts Active 


Furn-On Problem. Clock 
ind interrupt. 
see Note 1 


+5V = AHHC 


Machine 8us Failure ; 
Check U28 Inputs soe re a $ 

U26.19 « 863 — Troubleshoot U28-2 = THPS 28.5 — 46H3 

U26-19 = 8634 we U28-2 = THPS U2ES ¢ Ee 
uaeee eee U28-9 = P5CO 
eee ye U28-11 = UC67 
USe1a-c 7Ope U28-13 = BU05 
U28-14 = 79P4 eee 

_ ee eye U28-17 = 


U28-18 = 8A84 


Troubleshoot U28. 
See Note 2 


= -G = Troubleshoot 
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See Note 2 
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Figure 8-33(a). Signature Analysis Test 1. 
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NO RAM Control Register 
Failure. U24-11 = QUOH 
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NO 
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Troubleshoot Z 
U24 
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Troubleshoot YES 
U22 
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roubleshoot NO YES 
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U24 
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YES 
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Failure RAM Page Reg Failure 
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TES U22-2 
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U22-8 


C6A8 YES Troubleshoot 
8643 U22 
7P37 
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Figure 8-33(b). Signature Analysis Test 1. 
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SIGNATURE ANALYSIS TEST 2. 


This test checks the ability of the RAM address register to count up and down, and checks 
the RAM output data. 


This test uses two methods of signature analysis. The main difference between these 
methods is: 


Method | tests a repetitive data stream for a fixed period of time and generates a 
single stable signature. 


Method 2 tests a logical 1 (+5 V) for several periods of time, which are deter- 
mined by the 3325A processor in response to the errors it has sensed or the test 
routine that has been programmed. Each situation produces a unique stable 
signature. 


Use the following procedure: 
a. Set the 33254 POWER switch to STBY. 
b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays. 


c. Connect the signature analyzer as foliows: 


ClOCK cancer naw teased Ser os SA CLK (at left of A6U9) 
Start and Stop... .. 0c. c eee eee SA S/S (at right of A6U15) 
CSrOUnd ed escia. vata ok A A ee ae a 3325A ground 


(stiffener channel on deck between A6 
and A21, or any Ground test point) 


d. Set the signature analyzer controls as follows: 


DG erie sa he oh dared a Ae ein ae ah ie be bees On 
SARE os kaa Aro ah ad Wawa als idee Babee ae a el batine ase (in) 
BUONO ad oS deeb ha ae RIS ee ea epee e eee Ee: (in) 
ONION beaks fcc S We ies SS A ea ee ee a af (out) 
Hold. aii ee ae eae Rs is ee ee Off 
GME CSE: coz. specs ened spe eaccateartene sha pe tues Marea’ eaten tee ate Moon tr atogs Off 


e. Place CS@ through C82 shorting connectors (near right front corner of A6) in the O 
position to select ROM 1. 


® 
Noe 
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f. Set the ROM Disable switch (A6S1) to ON (1). Set all other switches to OFF (0). 


0 1 ye numbers are printed on the PC Board itself, ignore any & 


numbers printed on the switch. 


me a 


CTI Address Switches 


- Nw & ih 


on | 
[-T1! LON - Listen Only 
CTI ROM — ROM Disable (For Test Only) 


Hee tte 
H 


g. Connect A6TP3 (between U15 and U16) to ground. 
h. Set 3325A POWER to ON. 
ij. Remove ground from A6TP3. 


j. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the 
center of A6 is +5 V. 


If the signature is 5159, proceed to Step k. 
If the signature is not 5159, troubleshoot A6U9 (processor), A6U10 (buffer), the 
processor data lines HPD@-7, and associated circuits. Refer to the ROM 


Signature Analysis Test. 


k. Set bus address bit 2 switch to ON (1), and set switch 1 and switches 3 through 5 to 
OFF. (See switch drawing above.) 


I. The signature should be 7C97 as indicated at the START of the flow diagram. If it is 
not 7097, go to the section of the diagram headed by the signature actually observed. If no 
stable signature or none of the signatures shown are observed, go to the ROM Signature 
Analysis Test. If Test 2 passes successfully, go to Signature Analysis Test 3. The tests 
associated with each signature heading are described as follows: 


7097 - This signature implies that the three RAM’s may be addressed and read from 
correctly. It also indicates that U20 and U2] count up and down correctly. 


FF7C ~ This signature indicates that U20 and U2] do not count up correctly, The test 
also checks enable signals. 


279A - This signature indicates that U20 and U21 do not count down correctly. 

709A — This signature indicates that RAM A or its enable signals are not correct. 

F26C - This signature indicates that RAM B or its enable signals are not correct. 

$7C9 - This signature indicates that RAM C or its enable signals are not correct. 
NOTE 


After completion of tests, be sure to replace all cables, switches, 
connectors, and jumpers to the normal position. 
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Figure 8-34(a). Signature Analysis Test 2. 
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Figure 8-34(b). Signature Analysis Test 2. 
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SIGNATURE ANALYSIS TEST 5. 


This test checks the data path from the processor (A6U9) to the Fractional N Control IC 
(A21U19). It disables the processor interrupt and checks for signals on the various interrupt 
lines. This test also checks the Ims timing one-shot (A6U8), the Carry/Sweep limit flag path, 
the VCO status lines, and the turn-on circuits. 


This test uses two methods of signature analysis. The main difference between these 
methods is: 


Method 1 tests a repetitive data stream for a fixed period of time and generates a 
single stable signature. 


Method 2 tests a logical 1 (+45 V) for several periods of time, which are deter- 
mined by the 3325A processor in response to the errors it has sensed or the test 
routine that has been programmed. Each situation produces a unique stable 
signature. 
Use the following procedure for Signature Analysis Test 4: 
a. Set the 3325A POWER switch to STBY. 


b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays. 


c, Connect the signature analyzer as follows: 


GlOGK 45 2252s ot oie eat Saneane SA CLK (at left of A6U9) 
Startand SlODs 93¢4s2ucexersa Hace rs SAS/S (at right of A6U 15) 
Grund sce Lele eee es ens he a ede eee 3325A ground 


(stiffener channel on deck between A6 
and A21, or any Ground test point) 


d. Set the signature analyzer controls as follows: 


BATE oc os Sos Wa te taare tind C46 Ae ee GA eR ale On 
Startoitech vb Aid ees eee aloes Dat bad ae eile hel —~\_ (in) 
SOP ccc ial ee ore awe eae ie Pee ee ees ~ (in) 
ClOGk iia bands een aweet pe ae ae Re _/ (out) 
PAG cases ks cast ae ee ar ici tank Reece adn Pas ee BG Off 
Self Testi iiiien ieee Ae ee ce be Se ee BSL Off 


e. Make sure the CS@ through CS2 shorting connectors (near right front corner of A6) are 
in the center position. 


* f. Connect A6TP3 and A6TP6 to ground. 
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g. Set all bus address switches (A6$1) to the OFF position. See switch drawing below. 


These numbers aré printed on the PC Board itself. Ignore any 
0 1 numbers printed on the switch, 


Address Switches 


-wrPwton 


LON — Listen Only 
ROM — ROM Disable (For Tast Only) 


Het ttt 
HOdH UH 


h. Set 3325A POWER switch to ON. 


i. Disconnect ground from A6TP3 then A6TP6. 
j. Set bus address switch 5 to ON. 


k. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the 
center of A6is +5 V, 


]. Follow the flow diagram from START. If no stable or valid signatures are obtained, 
the processor (A6U9) or the ROM’s (A6U1-4) may be defective. Use the ROM Signature 
Analysis Test to check these components. 


NOTE 


After completion of the test, be sure to replace all cables, jumpers, 
and switches to the normal position. 


The signature taken in Step k should be FC6A as indicated at the START of the flow 
diagram. If it is not, go to the section of the diagram headed by the signature actually 
observed. The tests associated with each signature heading are described as follows: 

FC6A —Test passes. 

CAUH - -Erroneous Turn-on signal. 

PCUS = -Erroneous bus interrupt. 


AUH6 = -Erroneous sweep limit flag. 


CUS5C — _- Timer error. 


4525 

5307 - Fractional N IC Data lost. 

7112 

1123 - Invalid Sweep Limit Flag @ 
1232 - No Sweep Limit Flag. 
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232C - Processor receiving a VCO High signal. 
8FAF - Processor receiving a VCO Low signal. 
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Unless otherwise identified, all IC’s in this test are on the A6 
assembly. 
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Board Board Board 
Basignator Location Besignator Location Designator Location Designator Location 
ci G P&2 A TIN G U43 c 
c2 G cso G U44 c 
ca G Qi D csi G Uu45 H 
C4 F a2 D CS2 G U46 H 
cs G U51 c 
cé G Ri G ul H U52 c 
Cc? 6 R2 G U2 H U53 c 
RS G U3 H U54 Cc 
C20 H R4 G U4 H U55 Cc 
€21 HK RS F US H U56 Cc 
C22 H RAS G U6 H 
C23 H R7 F U7 H U87 B 
C24 G R8 F ua G U58 B 
C25 & RS c us G U59 B 
C26 F R10 ie} U6O 8 
C27 F R13 G u10 G U6i 8 
C28 E R14 ie) ui G Uu62 8 
c29 E R15 c Viz G U63 8 
C30 E R16 c U13 G Uu64 8 
c31 E R17 c Ui4 G U65 8 
C32 3) R18 B Ui5 F U66 A 
C33 9] R19 ict U16 F U67 A 
C34 2] R20 D Ui? F U68 A 
C35 Cc R21 c u18 F U6 A 
C36 H R22 Cc Uu19 F u70 A 
C37 H R23 c 20 F U71 A 
C38 Cc R24 c U21 F U72 A 
C39 8 R25 c U22 F U73 A 
C40 B R26 F U23 F U74 A 
c41 G R651 B U24 F U75 Cc 
R52 c U25 E 
C82 Cc R53 A VI A 
C53 A R54 c U26 & Wi /8 
C54 A R55 c U27 E 
C5S A U28 € 
C56 A $1 B U29 € 
Cs7 A U30 E 
cs8 Cc Teast Points U31 & 
cs9 c U32 D 
C60 Cc y i) U33 D 
C61 B 2 c U34 BD 
C62 8 3 F U35 D 
4 c U36 BD 
CRt F 5 D U37 D 
CR2 H 7 c Y38 BD 
CR4 c 51 A U39 D 
CR5 c 52 A U40 o 
$3 A U47 6 
Ji F 54 A a2 D 
J2 o GNO 1) 
J3 D GND H 
J4 i) 
J54 A SA CLK G 
SA S/S F 
Li G STBY A 
L2 F 
L3 F 
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Model 3325A Service 


SERVICE GROUP D - VOLTAGE CONTROLLED OSCILLATOR SHIELD. 


The VCO circuit is covered by a shield consisting of a flat cover and an extrusion. Always set 
the POWER switch to STBY before removing or replacing the shield. When replacing the 


shield, make sure the key on the bottom edge of the shield is aligned with the hole in the 
printed circuit board. 


Voltage Controlled Oscillator Troubleshooting. 


“OSC FAIL” Display Indication. 


a. With an oscilloscope, check the reference pulse signal at A21U1 pin 11. This should be 
a very narrow pulse with an amplitude of approximately 2 V p-p at a frequency of 100 kHz. 


If this signal is correct, go to Step b. 


If this signal is not correct, go to Service Group G. 


Do not allow disconnected cable connectors to contact the printed 
circuit boards or components, or circuits may be damaged. 


b. Check the +5V, +15V, and -15V power supply voltages at the following points: 
+4V ---- C33 (Service Group F) 
+15V nse C10 (Service Group F) 
-]5V_ ----- C26 (Service Group F) 


Moreover, when the problem has been isolated to the functional block, the first step should be a check 
of the power supply voltage into the functional block. 


8-D-1 


Service Model} 3325A 


¢. Make sure the VCO oscillates at the top and bottom of its frequency range. Disconnect the cable 
from A21J18A (cable marked 18 $-H). This is the VCO control voltage. Measure the frequency of 
the signal at A21U34 pin 14 and at A21Q161 collector. The frequency should be approximately 45MHz. 
If the frequency is not approximately 45MHz, check varicaps CR164 and CR166. 


d. Place an external dc voltage (-3V to + 10V) at the VCO input and note the following frequencies 
at the collector of Q161 and at U34 pin 14. 


DC Voltage Frequency 
-3V 60.9MHz 
+5V 42.6MHz 

+10V 30 MHz 


If the VCO frequency is not correct, disconnect the external DC power supply and measure the DC 
voltages noted on the VCO schematic diagram. Voltages should be within + 10%. (Voltages are meas- 


ured with A21J18A still disconnected.) 


If the VCO frequencies are correct, go to step é. 


e. Reconnect the cable to A21J18A. Measure the voltage levels at A21U33 pins 1 and 7. The volt- 
age at one of these pins may be at approximately + 13V, and the other at a negative voltage. (If the 
frequency synthesis circuits are operating correctly, both pins will be negative. 


f. Connect an oscilloscope to A21TP9. 


If pin 1 of A21U33 is positive, and the signal at TP9 is always positive, the trouble is probably in 
the Integrator, Bias, or Sample/Hold circuits. Go to Service Group F. 


If pin 1 of A21U33 is positive and the signal at TP9 is mostly negative, the trouble is probably in 
the +N.F Counter circuits, Service Group E, or the Phase Comparator, Service Group F. 


If pin 7 of A21U33 is positive, and the signal at TP9 is always positive, the trouble 1s probably in 
the +N.F Counter circuits, Service Group E, or the Phase Comparator, Service Group F. 


If pin 7 of A21U33 is positive, and the signal at TP9 is mostly negative, the trouble is probably in 
the Integrator, Bias, or Sample/Hold circuits. Go to Service Group F. 
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Model 3325A Service 


f > 


No Rear Panel AUX Output, or Incorrect AUX Frequency 
(Either One-Half or Two Times the Programmed Frequency). 


a. Set function to sine, frequency to 10 MHz. 


b. Measure voltage level at A3U18 pin 9. Should be at a TTL high level (= +2.4 V). If 
not, goto Step g. 


c. Set frequency to 21 MHz. Voltage level at A3UI8 pin 9 should be TTL low 
(= +0.4 V). Voltage at A3U18 pin 6 should be high. If either voltage is not correct go to 
Step g. 


d. Set frequency to 29.999 999 999 MHz. Voltage levels should be the same as in Step c. 
€. Set frequency to 30 MHz. Voltage at A3U18 pin 6 should be low, pin 9 should be low, 


f. If all of the above levels are correct, the trouble is probably in A3U18, U19, C152, or 
R158. 


g. If any of the above levels is incorrect, check input pins 12 and 13 of A3U10 for the 
presence of TTL level pulses. 


If input pulses are present, A3U10 may be defective. 


If input pulses are not present, go to Control Logic troubleshooting, Service 
Group C, 
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Board Board Board Board Board 
Designator Location Designator Location Designator Location Designator Location Designator Location é 
C1 A CR11 is) ai61 F R81 c R176 G 
C2 A CR12 c Q162 G R82 Cc R177 G 
c3 B CR13 Cc Q163 G R83 Cc R178 G 
c4 8 CR15 Cc 0164 G R84 Cc R179 G 
CR16 Cc 
C6 A CR17 8 Rt A R86 c R181 G 
C7 c CR18 Cc R2 A R87 c R182 G 
cs A CR19 Cc R3 A R&S c R183 G 
cg c R4 A R89 A R184 G 
C10 A CR131 iB) 
R6 A RQ1 B R186 G 
C11 Cc CR161 G R7 A R92 B R187 G 
C12 c CR162 6 R8 B R93 B R188 6 
C13 A CR163 G Rg B R94 B R189 6 
C14 Cc CR164 G 
C15 A CR166 G R11 B R96 8 R194 G 
R12 B R97 Cc R192 G 
C16 A J1 D R13 B R98 Cc R193 G 
C17 B J8 A R14 Cc R99 B R194 G 
C18 B J15 G 
ci9 Cc J16 c R16 c R101 Cc R196 G 
R17 Cc R102 c R197 G 
c21 D JI7A A Ri8 c R103 Cc R198 G 
C22 A J17B B Rig c R104 A R199 G6 
C23 A J18A A R200 G 
C24 A J18B E R24 Cc R106 A R201 G 
R22 Cc R107 A 
C26 A Li Cc R23 c R108 A TP1 E 
C27 A L2 iB) R24 c R109 B TP2 13) 
C28 A L3 D TP3 DB 
C29 Cc R26 A R111 B 
L131 F R27 A R112 B TPS E 
C31 c L132 E R28 A R113 B TP6 F 
C32 Cc L133 E R29 A R114 B TP? D 
TPS E 
€131 E L161 G R31 A R116 B TPS B 
C132 F L162 G R32 A R117 B TP10 A 
C133 E L163 G R33 8 R118 c TP11 A 
C134 F R34 B R119 c 
C135 D ai B U1 A 
a2 B R36 Cc R121 Cc U2 c 
C136 F Q3 B R37 Cc R122 c U3 B 
C137 E a4 B R38 Cc R123 c U4 c 
C138 E R39 Cc R124 Cc Us B 
C139 F 06 Cc 
Q? c R41 Cc Ri26 Cc U6 A 
C141 D ag Cc R42 c U7 E 
C142 F ag A R43 Cc R132 E U8 F 
C143 € Q10 A R44 c R133 E Ud is) 
C144 E R134 F Uio c 
C145 E Qi A R46 A R135 D u11 E 
Q12 A R47 A U12 F 
C161 F Qi3 A R48 A R136 F U13 F 
C162 G at4 B R49 A Ri37 F u14 D 
C163 6 R138 Dp U15 E 
C164 G Q16 B R51 A 
Qi7 B R52 A R140 D U17 F 
C166 G ais B R53 Cc R141 D u18 F 
C167 G aig B R54 Cc R142 E U1 D 
C168 G R143 E 
C169 G Q21 B R56 c R144 13) U21 E 
Q22 B R57 A U22 F 
C171 G Q23 c R58 A R145 D U23 F 
C172 6 Q24 Cc R59 A R146 E U24 E 
C173 G Q25 A R61 A R147 E 
C174 G R62 A R148 E U26 F 
Q26 c R63 A Ri49 F U27 F 
C176 G Q27 A R64 A U28 D 
C177 G 028 B R65 A R151 F U29 E 
C178 G 029 B R152 F U30 F 
ci79 G R66 A 
Q31 B R67 A R161 F U31 F 
C181 G Q32 B R68 8 R162 G U32 F 
C182 G Q33 Cc R69 8 R163 F U33 F 
C196 D R70 A R164 F U34 G 
C197 D Q37 Cc R165 F 
038 c R71 8 wi A 
CRi B Q39 A R72 B R166 F W2 8 
CR2 B R73 B R167 F W3 F 
CR3 B a41 B R74 c R168 F 
CR4 8 O42 B R75 B R169 F 
CRS Cc 043 8 R170 G 
a44 c R76 c 
CRE Cc R77 c R171 F 
CR7 c Q131 E R78 c R172 F 
CR8 8 Q132 D R79 c R173 F 
CRO B R174 G 


A21 Component Locations 
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Board Board Board Board Board 
Designator Location Designator Location Designator Location Designator Location Designator Location 
ci A Ci1i E L106 E R44 c Ri21 F 
C2 A C112 E L107 F R42 c R122 F 
c3 A C113 E L108 F R43 c R123 F 
c4 A C114 £ L109 F R44 Cc 
R45 c R151 G 
Ccé A €116 F L111 F 
Cc? A C117 F L112 F R46 c R153 G 
c8 A c118 F L113 F R47 c R164 G 
co A c119 F L114 F R48 c 
R49 c R156 G 
C11 A C124 F L116 F R157 G 
C12 8 C122 F L117 F R56 D R168 G 
C13 B C123 F R57 D Ri59 G 
ci4 B C124 F L151 G R58 D 
L152 G R59 D T1 F 
C16 B C126 F 1153 G T2 F 
C17 B C127 F R61 DB 
c18 B C128 F P2 D R62 D TP1 B 
c19 B C129 F R63 D TP2 Cc 
Ql A R64 D TP3 Cc 
C21 B €151 G a2 B TPA D 
C22 B C162 G Q3 B R66 D 
C23 B C153 G a4 c R67 D TPE E 
C24 c C154 G a6 E R68 D TP7 
C26 Cc R69 D 
C27 Cc C156 G Q101 E R70 c Ui A 
C28 B C157 G Q102 E U2 A 
C29 B C158 G R71 D U3 A 
Ri A R72 Cc U4 A 
C31 B CRI A R2 B R73 D U5 B 
C32 c CR2 A R3 A R74 D 
C33 Cc CR3 A U6 B 
C34 B CR4 A R6 A R76 iP] U7 B 
R? A R77 D Us B 
C36 Cc CRE A R8& A R78 D ug Cc 
C37 c CR? B Rg A R79 1) u10 dD 
C38 Cc CR8 Cc R10 A 
C39 Cc R81 is] u11 2) 
CR101 F R11 A R82 D u12 D 
lh C41 c Rt2 A R83 D U13 D 
C42 Cc J1 Cc R13 A R84 D U14 D 
C43 Cc J2 D R14 A U15 E 
c44 c J3 G R86 B 
R16 A R87 D U16 F 
C46 Cc J7 Do R17 B R88 D U17 G 
C47 Cc J8 B R18 B R89 D U18 G 
C4B Cc J9 A R19 B u19 G 
C49 0 J10 A R31 D 
Ji A R21 B R92 D ¥1 c 
C51 D R22 5 Rg3 BD 
C52 D J15 G R23 B Norm/Test in] 
C53 D J23 c R24 B R101 E 
C54 D J24 iB) R102 E 
R26 8 R103 E 
C56 iB) L1 A R27 8 Ri04 E 
C57 Dd L2 B R28 B 
C58 D L3 B R29 B R106 E 
cso E La c R30 B R107 E 
L& B R108 E 
C61 E R32 B R109 E 
L6 B R33 c 
C101 e L? B R34 c R111 E 
C102 — Ls c R112 E 
C103 E Lo c R36 c R113 F 
C104 E R37 c R114 F 
L101 E R38 Cc R115 F 
C106 E L102 E R39 c 
C107 E L103 E R116 F 
C108 E L104 E R117 F 
c109 E L105 E R118 F 
R119 F 
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SERVICE GROUP E - =+N.F COUNTER, 


+N.F Counter Troubleshooting. 


Do not allow disconnected cable connectors to contact the printed 
circuit boards or components, or circuits may be damaged. 


a. To check the +N circuitry, program the front panel for a frequency of 1OMHz and disconnect 
cable W18 at JI8A. 


b. Place an external DC voltage source at the input to the VCO (-3V to +10V), and monitor the 
waveform at U1 pin 6, The 2Vp-p narrow pulse should begin to approach a frequency of 100kHz 
as the external DC control voltage is varied. 

If the frequency does not approach 100kHz, troubleshoot the +N circuitry (step c). Note that the 
frequency will approach 100kHz for every N number programmed into the 3325 and with the ap- 
propriate DC level at the VCO input. 

If the frequency at U1 pin 6 approaches 100kHz and the problem appears to be digitally related, check 
that the API current sources are gctting the correct signals and that the FETs are not leaking (see 
Service Group F). 


¢. Disconnect the external power supply. Leave cable W18 disconnected at AZIJISA. 


d. Measure and note the frequency of the VCO signal at jumper W3. This signal should be approxi- 
mately 45MHz. 


e. Connect test points A21TP6 and A21TP§ to ground. This disables the +N Shift Register and 
the Pulse Remove circuits. 


f, Measure the frequency at each of the following points in order, and determine the relationship 
to the VCO frequency at W3 (step d). Replace any defective components. 


A21TP1 should be VCO + 2. If not correct, check A21U32 and A21U27 for signal transitions at 
the input and output pins. 


A21TP2 should be VCO + 10. If not correct, check A21U13 and A21U18. 
A21U21 pin 8 should be VCO =~ 100. If not, check A21U9. 
A21TP3 should be VCO + 1000. if not correct, check A21U9, A2ZIUI1, A21U21, and A21U22. 


A21TP4 should be VCO + 1000. If not, check A21U12 and A21U22. 


® A21TP5 should be VCO 


10. If not, check A21U24. 


A21TP7 should be VCO + 1000. If not, check A21U29, 
8-E-1 


Service Model 3325A 


A21Q131 collector should be VCO + 1000 (very narrow pulse at approximately 2Vp-p). If not, check 
A21U26, A21U27, A21Q131, and A21C131. } 


A21U19 pins 2, 3, 4, 5, 6, 10, and 11 should be VCO + 1000. If not, A21U19 is probably defective. 


g. If all of the above signals are correct, check for the presence of input pulses at A21U19, pins 
20 through 23. 


h. Reconnect cable to A21J18A. Press the START CONT key and check for the presence of pulses 
at A21U19, pins 11, 13, 14, 15, 16, and 17. 


i. Disconnect ground from A21TP6 and A21TP8. While in continuous sweep mode, check for the 
presence of pulses at the input pins, output pins, and clock pins of A21U14 and A21U15. If pulses 
appear at the input pins and clock inputs and the level at the clear inputs (pin 1) is high, replace the 
defective latch IC. If pulses are also present at the outputs, the gates in the + 5 Counter circuit (A21U12, 
A21U17, A21U23) may be defective. 


Board Board Board Board Board 
Designator Location Designator Location Designator Location Designator Location Oesignator Location 

C1 A C166 G LI c Q131 E R51 A 
c2 A C167 G L2 D Q132 D R52 A 
c3 B C168 G L3 D R53 c 
c4 B c169 G a161 F R54 Cc 

L131 F Q162 G 
cé A c171 G L132 E Q163 GS R56 c 
C7 c C172 G L133 £ Q164 G R57 A 
cs A C173 G R58 A 
cg is C174 G L161 G R1 A R59 A 
C10 A L162 G R2 A R61 A 
C176 G L163 G R3 A R62 A 
C14 c C177 G R4 A R63 A 
C12 c C178 G a1 B R64 A 
C13 A c17¢ G a2 B R6 A R65 A 

C14 c a3 B R7 A 
C15 A C181 G a4 B RB B R66 A 
C182 G RQ B R67 A 
C16 A C196 D a6 € R68 B 
C17 B C197 D a7 C R11 B R69 B 
c18 B as c R12 B R70 A 

c19 Cc cR1 B ag A R13 B 
CR2 B Q10 A R14 c R71 B 
c21 D CR3 B R72 B 
c22 A CR4 B aii A R16 c R73 B 
C23 A CRE c Qi12 A R17 c R74 c 
c24 A a13 A R18 c R75 B 

CRE ic Q14 B R19 Cc 
c26 A CR7 c R76 c 
C27 A cR8 B Q16 B R21 c R77 Cc 
c28 A CRO B Qi7 B R22 c R78 c 
C29 c aig B R23 c R79 c 

cR11 B aig B R24 Cc 
C31 Cc CR12 Cc R84 c 
C32 c cR13 Cc Q21 B R26 A R82 Cc 
CR15 c Q22 B R27 A R83 c 
C131 E cR16 c 023 c R28 A R84 c 

C132 F CR17 B O24 Cc R29 A 
C133 E CRI8 c 025 A R86 Cc 
C134 F CR19 c R31 A R87 c 
C135 D 026 c R32 A R88 c 
CR131 D 027 A R33 B R89 A 

C136 F a28 B R34 B 
C137 E CR161 G a29 B R91 B 
C138 E CR162 G R36 c R92 B 
C139 F CR163 G Q31 B R37 c R93 B 
CR164 G 032 B R38 c R94 B 

C141 D CR166 G 033 Cc R39 Cc 
Ci42 F R96 B 
C143 E J D 037 c R41 c R97 ¢ 
C144 E J8 A a38 Cc R42 c R98 c 
C145 E J15 G a39 A R43 c R99 8 
J16 c R44 c a , 

c161 F 041 B 

C162 G JI7TA A 042 B R46 A R102 c 
C163 G J17B B 043 B R47 A R103 c 
C164 G J18A A a44 Cc R48 A R104 A 

J188 E R49 A 
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Board Board Board Board Board 
Designator Location Designator Location Designator Location Designator Location Designator Location 
ci A C111 E L106 E R41 c R121 F 
c2 A C112 E L107 F R42 c R122 F 
C3 A C113 E L108 F R43 c R123 F 
c4 A C114 E Lios F R44 c 
R45 c R151 G 
cé A C116 F L141 F 3 
Cc? A C117 F L172 F R46 c R163 ic} 
cs A c118 F £113 F R47 Cc R154 G 
cg A C149 F 1114 F R48 c 
Rag c R166 G 
c11 A c121 F L116 F R157 G 
C12 B C122 F L117 F R56 8) R158 ic) 
C13 B C123 F R57 0 R159 G 
C14 B ci24 F L151 G R58 D 
L752 G R59 D Ti F 
C16 8B C126 F L153 G T2 F 
C17 8 C127 F R61 D 
ce B C128 F P2 D R62 DB TP4 8 
cis 8 C129 F R63 D TP2 c 
Qt A R64 BD TPS Cc 
C21 B C151 ic} Q2 8 TP4 . 
C22 8 C152 G Q3 8 R66 D 
C23 B C153 G a4 Cc R67 ia) TPG E 
G24 c C154 G aé E R6E D TP7 & 
C26 c R69 D 
C27 c C156 G Q104 E R70 € Ut A 
C28 B C15? 6 0102 E U2 A 
c29 B C158 G R71 D U3 A 
Ri A R72 c U4 A 
C31 B CRI A R2 B R73 D U5 8 
C32 c CR2 A R3 A R74 D 
C33 c CR3 A U6 8 
C34 8 CR4 A R6 A R76 D U7 8 
R? A R77 9) UB B 
C36 Cc CR6 A R8 A R78 D ug Cc 
C37 c CR? 8 R9 A R79 D U10 D 
C38 c CR8 c R10 A 
c39 c R81 8) uit 1] 
CR101 F R11 A R82 9) U12 D 
cat Cc R12 A R83 D Y13 D 
c42 c J c R13 A R84 dD U14 ie) 
c43 c J2 D R14 A U15 E 
‘C44 € J3 G R86 D 
R16 A R87 0 U6 F 
C46 Cc J7 D R17 B R88 D U17 G 
C47 Cc J8 B R18 i} Rego D U18 G 
C48 c Jg A R19 B u19 G 
C49 D J10 A R91 D 
Jj11 A R21 8 Rg2 D ¥1 c 
csi D R22 B RES D 
C52 D Ji5 G R23 B Norm/Test ie} 
C&3 19) J23 c R24 B R101 E 
C54 D J24 12} R102 E 
R26 8 R103 E 
C56 D li 4 R27 8 Ri04 E 
C5? 1) L2 8 R28 8 
c58 D L3 B R29 B R106 E 
C59 E l4 c R30 B R107 E 
LS 8 R108 E 
C61 E R32 B R109 E 
L6 B R33 c 
C104 E l7 B R34 Cc R111 E 
C102 E Lg c R112 E 
C103 E L9 Cc R36 c R113 F 
C104 E R37 c R114 F 
L101 3 R38 c Ritts F 
C106 E £102 E R39 c 
C107 E L103 E Ri16 F 
C108 E L104 E R117 F 
c1o0g — L105 E R118 F 
R119 F 
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These voltage levels are useful when troubleshooting amplitude 
problems (frequency 1kHz, TP ACD grounded, voltages p-p). 
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SERVICE GROUP F - FRACTIONAL N ANALOG CIRCUITS. 
Ss] Fractional N Analog Troubleshooting, 


If pin 1 of A21U33 is positive (in Service Group D Troubleshooting) and the signal at TP9 is always 
positive, or if pin 7 of A21U33 is positive and the signal at TP9 is mostly negative, the trouble is 
probably in the Integrator, Bias, or Sample/Hold circuits. 


The following waveforms may be observed at the points indicated. If the Bias/API waveforms are 
correct, but the Integrator output is mot correct, the trouble is probably in the Integrator, Current 


Sources, or the Sample/Hold circuit. 


Set the frequency to 1 kHz, function to sine, or switch the power from STBY to ON, and observe 
‘he waveforms below. 


a. 1f the Counter circuit and VCO are working correctly but the VCO is still not tuning properly, 
set the frequency to 1.1MHz and the amplitude to 10Vp-p and test for the correct signal at A21TP10 
(see Figure 8-F-1). Make sure cable W18 is connected from the Sample and Hold output to the VCO 


input. 


veravevenee F1IOV 


A INTEGRATOR TP10 


sevaceeee OV 


ereeteeae $34V 
B BIAS/APIQ19 SOURCE 
eveseoeseae TV 
suaneonenn ZY 


C BIAS 06,07 EMITTERS 


b. If the waveform at TP10 is rounded or slightly distorted, make sure the Sample/Hold FETs 


are not leaking. 


c. If the waveform at TPIO is bad, test the integrator and Sample/Hold circuitry. Heat sink and 
remove A2ICR4 and A21CR8 to open the phase locked loop at the integrator input. These diodes 
are a prime noise source especially when overheated. Install jumper W2. This jumper places a 1kQ 
resistor in parallel with C17, changing the integrator to a transconductance amplifier (Eout = -1000 
x Jin). While monitoring the integrator output at TP10 and the Sample/Hold output at TP11, inject 

a) various currents from -12mA to +5mA into the integrator input. An easy way to accomplish this 
: is to use a de power supply with a 1kQ resistor in scrics with its output. Every volt from the power 
supply will inject 1mA into the integrator. The voltage at TP10 and TP1] should equal the power 


supply voltage only it will be opposite in polarity. 
8-F-] 
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{f the voltage at TP10 is correct but the voltage at TP11 is not, troubleshoot the Sample/Hold cir- . 
cuitry. Apply +5V to A21U6(3). The output voltage at TP11 should be +5V. If not, replace U6. & 
If the voltage at TP] is correct, momentarily short across A21C24, then apply the + 5V at the junc- 

tion of A21Q27 (drain) and A21Q39 (source). The voltage at TP1] should be +5V. If not, check 

for the presence of the Sample/Hold Control signal from the base of A21Q44 through to the gates 

of Q27 and Q39. This signal should be a 0.3 to 0.648 TTL pulse at 100kHz. The pulse width is derived 

from the VCO frequency (VCO/10) and the repetition rate is derived from VCO/N.F. 


d. If the integrator and Sample/Hold circuitry appear to be operating properly, check the follow- 
ing circuits in the order given to isolate the faulty sub-block. 


1. Check the phase comparator output at A21TP9. The waveform should appear as shown in 
Figure 8-F-1 for the given conditions. 


2. Measure the voltage at the junction of R41 and R39. The voltage should be -8V. 


3. Check the outputs of U4 and U5 for the presence of the bias and API signals. These signals 
should be toggling while the 33254 is sweeping. If the signals are not present, check the oper- 
ation of the Fractional N chip (U19) and check for the latch clock coming from U22 pin 6. 


e. If the above circuitry is good, then the fault probably lies in the integrator or the API 1/Bias 
sub-black. 


API Troubleshooting. 


Exercise care when troubleshooting the API/Bias circuitry. The signals are small currents that are 
difficult to detect. Note that if the VCO locks but there are large spurious signals present at the out- 
put, diodes AZI1CR3, CR4, CR8, and CR9 should be checked. 


f, Connect cable W18 back to the sample/hold output at J18A if not already done so. 


The following steps determine if the digital programming portion or the analog portion of the A21 
board is at fault. 


g. Enter a frequency on the 3325A front panel of 5 000 001Hz. 
For this frequency, the fractional-N counter is trying to correct the phase detector error for the 1Hz 
offset. Hence, the programming pattern for API | will repeat at a 1.0s rate, API 2 will repeat at 
0.1 second rate, API 3 at a 0.01s rate, API 4 at a 0.0015 rate, and API 5 at a 0.0001s rate. 


h. Using an oscilloscope, check for each programming pulse at the following outputs: 


API | U5(9) 
API 2 U4(15) 
API 3 U4(12) 
API 4 U4(10) 
API 5 U4(7) 


i. [f these pulses are present, then the digital section is probably good, and the fault may lie in 
the analog current sources. If any of the pulses are not present, check the fractional-N chip (U19) 
for the proper signals. 


Individual API Troubleshooting. & 


j. Connect a spectrum analyzer through a 1kQ series resistor to A2QITP11, 
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k, Select the sine function on the 3325A and set the frequency to 5 000 000Hz. 


|, Set the spectrum analyzer as follows to measure the signal at TP1I1: 


Start Frequency ...------ 00sec eee a eee eres OkHz 
Bandwidth): 2-8 nck hie et chen a nee eee 30Hz 
Frequency Spam ......---- 222s cece eens LkHz/div 
Sweep Time/Div ............. 0-220: sees 200s 
Input Sensitivity ....... 0. cere eee ee 10mV 
Sweep Mode, . 2... Manual 
Vertical Scale: x. iceds oa wane ei ie hw es 10dB/div 


The analyzer should measure a level of < -70dB. If the signal at TP!1 is < -70dB, the API current 
sources in their OFF mode are not interfering with the phase detector output and the digital portion 
of the board is probably good. If the signal is not < -70dB, either the API current sources may not 
have turned off sufficiently or the phase detector input and output signals may be bad. 


m. Set the 3325A frequency to 5 001 000Hz. 


n, The spectrum analyzer should read < -70dB alt TP!1. If this signal is incorrect, troubleshoot 
the API 1 sub-block and the U19 programming signals. If the signal is good, the problem is probably 
not in the API 1 sub-block. Proceed to step o. 


o, Set the 3325A frequency to 3 000 100Hz. 


p. The spectrum analyzer should read < -70dB. This frequency tests the API 2 circuit. If the signal 
is incorrect, troubleshoot the API 2 sub-block and the U19 programming signals, If the signal is good, 
proceed to step q. 


q. Set the 3325A frequency to 5 000 010Hz. 


r, The spectrum analyzer should read < -70dB. This frequency tests the API 3 circuit. If the signal 
is incorrect, troubleshoot the API 3 sub-block and the U19 programming signals. If the signal is good, 
proceed to step s. 


s, Set the 3325A frequency to 5 000 001Hz. 


t. The spectrum analyzer should read < -70dB at TP11. This frequency tests the API 4 circuit. 
If the signal is incorrect, troubleshoot the API 4 sub-block and the U19 programming signals. 1f the 
signal is good, proceed to step u. 


u. Set the 3325A frequency to 5 000 000.1Hz. 


v. The spectrum analyzer should read < -70dB. This frequency tests the API 3 circuitry. If the 
level is incorrect, troubleshoot the API 5 sub-block and the U19 programming signals. 


Phase Modulation Troubleshooting 


If the output does not respond properly to a phase modulation input, measure dc voltages within 
the Phase Modulation circuit (A1Q37 and Q38) with: 


Phase Modulation ....... ccc ccc cease rere cree eee e eee eae nee ee eb beeen Off 
Phase Modulation Input...--- 0.00 c cece eee teeters Open 


Phase Modulation linearity problems can often be traced to A21CR18 and A2ICRI19. 
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Important 
TP HP3325 Set Up Measurement Set Up Parameters Waveform 


Freq 1.1 MHz 
Function Sine 
Amplitude 10Vp-p 


Freq 19.9MHz 
Function Sine 
Amplitude 10Vp-p 


Freq 1.1 MHz 
Funcion Sine 
Amplitude 10Vp-p 


Freq 19.9MHz 
Function Sine 
Amplitude 10Vp-p 
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Oscilloscope 

Chl Coupling de 

Chl Volts/Div 1V/div 
Time Div. 3.00ysec 
Trigger Ch! 


Oscilloscope 

Ch1 Coupling de 

Chl Volts/Div 1V/div 
Time Div. 3.00zsec 
Trigger Chl 


Oscilloscope 

Chi Coupling de 
Chi Volts/div 3.0V 
Time Div 3.0xsec 
Trigger Chl 


Oscilloscope 

Chi Coupling de 
Ch1 Volts/div 3.0V 
Time Div 3,0usec 
Trigger Chi 


Pulse Height 
and Width 


Pulse Height 
and Width 


Pulse Height 
and Width 


Pulse Height 
and Width 


CH1i CPLG=DC 
CHi# 1 VeDiv 


Main= 3 us/Div 


CH1 CPLG=DC 
CHie i V-Div 


MT=CHI 
Main= 3 us/“Div 


CH1 CPLG=#DC 
CHl= 3 V7Div 


MT=CH1 
Main= 3 us/Div 


CH1l CPLG#=DC 
_SHi= 3 veDiv 


————E 
MT=CH1 
Main 3 us/“Div 


Figure 8-F-1. TP9 & TP10 Waveforms 
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Board Board Board Board — Board 
Desiynator Location Designator Location Designator Location Designator Location Designator Location 
cl A CAV 8 Q161 F RB1 c R176 G 
C2 A CRVZ Cc Q162 G R82 Cc R177 G 
C3 8 CRI3 Cc Q163 G AB3 c R178 G 
c4 8 CRIS Cc Q464 G R84 Cc R179 G 
CRI6 Cc 
cé A CRI? B Ri 4 RBS is R181 G 
Gc? c cRi8 Cc R2 A R87 c R182 ce) 
ca A CRi9 Cc R3 A R88 Cc R183 G 
ce Cc R4 A R89 A R184 G 
C10 A CRi31 1) 
R6 A R9+ B R186 G 
Cit Cc CRi6i G R7 A R92 8 R187 G 
C12 Cc CR162 6 RS 8 Ag3 8 R188 G 
C13 A CR163 G RO B R94 B R189 G 
c14 c CRI64 6 
C15 A CRI66 G R11 8 ROG a R191 G 
R12 B RO? Cc R192 G 
Ci6 A Ji D R13 B R98 Cc R193 ie} 
Ci? a 8 A Rid Cc Roo B R194 G 
cig 8 J15 G 
cig Cc J16 Cc Ri6 c Riot Cc Rig96 G 
Ri? c R102 Cc R197 6 
C21 D J17A A R18 c R103 Cc R198 G 
C22 A J178 B R19 c R104 A R99 G 
C23 A J1BA A R200 G 
C24 A J18B E R25 Cc Rt06 A R201 G 
R22 Cc R107 A 
C26 A Lt c R23 c R108 A TPI & 
C27 A u2 D R24 c Rios B TP2 0 
C28 A L3 G TP 0 
C29 Cc R26 A R111 8 
L131 F R27 A R112 B TPS E 
Cat Cc L132 € R28 A R113 B TP6 F 
C32 Cc L133 E R29 A Ril4 8 TP? 1?) 
TPS E 
C131 E L161 G R34 A R116 8 TPY B 
C132 F L162 G R32 A R17 B TPI10 A 
C133 & L163 G R33 B R18 Cc TP11 A 
C134 F R34 8 R119 c 
C135 DB Q1 8 ui A 
Q2 8 R36 Cc R121 c U2 c 
C136 F aQ3 8 R37 Cc R122 Cc U3 B 
C137 E Q4 B R38 Cc R123 c U4 c 
ci3s E R39 Cc R124 io Us 8) 
C139 F as Cc 
Q? Cc R41 c Ri26 c U6 A 
C141 0 as ¢ R42 c U7 £ 
C142 F ag A R43 c R132 E U8 F 
C143 E 010 A R44 c R133 E Ug is) 
C144 E R134 F Ut0 c 
C148 E aii A R46 A R135 0 uli E 
Qi2 A R47 A U12 F 
C161 F Q13 A R48 A R136 F U13 F 
C162 G Q14 B R49 A R137 & uta 18) 
C163 G R138 D UIs E 
C164 6 Q16 8 R51 A 
Q17 B R52 A R140 D Ui? F 
C166 G Q18 B R53 c Ri4t o u18 F 
C167 G Q19 8 R54 Cc R142 & uie D 
C168 G : R143 E 
C169 G Q21 B R56 c R144 D U21 é 
Q22 B R57 A U22 F 
C171 G6 Q23 c R5B A Ri45 D U23 F 
C172 G O24 c R59 A R46 E U24 E 
C173 G Q25 A R61 A R147 E 
C174 G R62 A R148 E U26 F 
Q26 Cc RES A R149 F U27 F 
C176 G Q27 A R64 A U28 o 
C17? G Q28 B R65 A RiSt F U29 E 
C178 G Q29 8 R152 F U30 F 
C179 G R66 A 
Q31 B R67 A Rié1 F U31 F 
C181 G Q32 B R68 8 R162 G U32 F 
C182 G Q33 c R69 B R63 F U33 F 
C196 D R70 4 R164 F Uu34 G 
C197 3) Q37 Cc R165 F 
Q38 Cc A74 B wi A 
CRI 8 Q39 A R72 B R166 F W2 i) 
CR2 8 R73 B R67 F W3 F 
CR3 B a41 6 R74 Cc Ri68 F 
CR4 B 042 B R75 B R169 F 
CR5 c Q43 8 R170 G 
O44 c R76 c 
CRE Cc R77 c Al71 F 
CR? Cc aQi3i € R78 c R72 F 
CR8 B Q132 DB R79 c R173 F 
CRO B R174 6 
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Figure 8-39. Fractional N Analog, A2!. 
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Model 3325A Service 


SERVICE GROUP G - 30MHz REFERENCE AND DIVIDERS. 


3OMHz Reference Troubleshooting. 


“OSC FAIL” Display Indication. 


Step a of the “OSC FAIL” troubleshooting in Service Group D should be performed before 
proceeding with the following. 


a. Check frequencies at the following points in order. If the signal is incorrect at any 
point, troubleshoot the associated circuits. 


A3TP3 30 MHz 

A3U2 pins 5 and 6 10 MHz 

A3U1 pin3 | MHz 

A3UI pin6é 2MHz 

A3J10 | MHz 

A3U1 pin 13 100 kHz 

A3U5 pin8 100 kHz 

A3Q1 collector 100 kHz (narrow pulse) 


If the 30MHz Oscillator is failing it could be due to heavy loading by the multiplier (A3U11). This 
can be checked by lifting A3R73. Oscillator failures have also been linked to A3Q6, A3Y1, and A3CR8. 


Do not allow disconnected cable connectors to contact the printed 
circuit boards or components, or circuits may be damaged. 


Amplitude Troubleshooting. 


b. The most common cause of problems in the Sine Amplitude Control and Amplitude Modulation 
circuitry is the multiplier (A3U11). Problems with U1] are usually detected by incorrect voltages at 
A3TP4. The voltage at TP4 should be pure de and on a working instrument (or a malfunctioning 
one with Auto Calibration Disabled* - ACD) will be the following levels: 


* Sce Figure 8-44 (Service Group K) for ACD test point location. 


Programmed 
Amplitude TP4 
3Vp-p 2Vde 
10Vp-p 6Vde 


Using the modify key to increase the programmed voltage by one volt at a time should cause the volt- 
age at TP4 to increase linearily as well. Pulling cable W23 at cither end should cause TP4 to reach 
approximately 6-8V. 
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c. If the voltage at TP4 is correct but the output amplitude is still incorrect, check the ac voltages 
on U14 pins 6 and 7. With 10Vp-p programmed, both voltage levels should be approximately 0.6Vp-p. @ 
If not and with W23 disconnected at A3J23, measure the voltage at the following points: 


A3TP4 6-8Vdc 
A3U11(9) 4.8 Vde 


Note also that U14 is probably bad if the frequency difference between pins 6 and 7 is greater than 
20% (the frequency should be approximately 30MHz on both pins). 


d. If after A3U11 and/or A3U14 have been replaced and incorrect voltages are measured at TP4, 
the amplitude problem may be isolated via Service Groups C, J, or I. 


e. If the voltages at TP4 are correct and the output amplitude is incorrect, troubleshoot the problem 
via Service Groups H or J. 


PRESET CURRENT 
COUNTER P| SOURCE 
Al4-1 A14-1 


The Amplitude Calibration Disable. ACD. 1s used to break the 
feedback path during troubleshooting of amplitude problems 
Connect ACD to Gnd and cycle power off and on. 


FUNCTION 
CIRCUITS 


HIGH VOLTAGE 


PEAK: 
!  QUTPUT JATTENUATOR , 
DETECTOR | AMPLIFIER ee OPTION 002 


Each box contains @ code such as A14-I. This lists first the board 


O aenuae 
number followed by the schematic number OUT VAC5SA~-6-28 


Figure 8-G-1. Sine Amplitude Control Path. 
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Fig 40 
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Board Board Board Board Board 
Designator Location Designator Lecation Designator Locatian Designator Location Designator Location 
C1 A ci E L106 E Ral Cc Ri21 F 
C2 A C112 E L107 F R42 Cc R122 F 
C3 A C113 E L108 F R43 Cc R123 F 
c4 A C114 E L109 F R44 Cc 
R45 Cc R15+ G 
cé A C116 F Lvit F 
C7 A C117 F L112 F R46 c A153 G 
ce A C118 F L113 F R47 Cc R154 G 
ce A C119 F L114 F R48 Cc 
R49 Cc R156 G 
C11 A C121 F L116 F R167 G 
C12 B C122 F L117 F R56 Dd R1S8 G 
C13 B C123 F R57 Do R159 G 
Ci4 8B Ci24 F L151 G R58 0 
L182 G R59 0 T1 F 
Ci6 8 C126 F L153 G T2 F 
C17 8 C127 F R61 iP) 
C18 B C128 F P2 ie) R62 6 TPT B 
C19 B C129 F R63 6 TP2 c 
ai A R64 ie TPS Cc 
C21 B C151 G Q2 8 Tea ie 
C22 8 C152 G O3 B R66 D 
C23 8 C153 G a4 c R67 0 TP6 E 
C24 c C154 G Q6 E R68 D TP? E 
C28 Cc R69 3) 
C27 Cc C156 G Q101 £ R70 Cc ui A 
C28 B C157 G 0102 E U2 A 
c29 8 C158 G R71 D u3 A 
Ri A R72 c U4 A 
C31 8 CRI A R2 8 R73 ie) Us B 
C32 c CR2 A R3 A R74 o 
C33 c CRI A U6 8 
C34 8 CR4 A R6 A R76 ie) U7 B 
R7 A R77 1B) us 8 
C36 Cc CRE A RAS A R78 o Ug c 
C37 c CR7 B RO A R79 D u10 iP) 
C38 c cra c R10 A 
C39 c R81 iF) uli 0 
CR101 F R11 A R82 Bo Ut2 iB) 
cai ¢ R12 A R83 o U3 D 
C42 c J1 c RiZ A R84 DB u14 D 
c43 c J2 D R14 4 U15 E 
C44 Cc 43 G REE D 
RIG A R87 12) U16 F 
C46 Cc J? ie) R17 8 Ras D U17 G 
C47 Cc J8 8 R18 3 R89 D U18 G 
c48 c Jg A R19 i) Y19 G 
C49 DB J10 A ROT 8) 
J11 A R21 B RO2 D Y1 c 
cs) i) R22 3 R93 D 
C82 i?) J1S 6 R23 8 Norm/Test 0 
C83 0 J23 Cc R24 8 R101 £ 
cé4 D J24 12) RIOZ £ 
R26 8 R103 £ 
C56 ie} ul A R27 8 Ri04 E 
C57 0 4 B R28 B 
c58 5 13 B R29 B R106 E 
C59 E 4 Cc R30 8 R107 E 
t5 B Ri08 E 
cé1 E R32 8 R109 E 
6 B R33 Cc 
CtO1 E 4? B R34 c RVW1 € 
C102 E t8 Cc R712 E 
C103 E Lo c A368 c R113 F 
C104 E R37 c R14 F 
L101 E R38 c R115 F 
C106 E L102 € R39 Cc 
C107 E L403 E R116 F 
C108 E Lio4d E R117 F 
€109 E L10§ E R178 F 
R119 F 
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! These voltage levels are useful when troubleshooting amplitude 
problems (frequency 1kHz, TP ACD grounded, voltages p-p). 
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J 
Programmed TP4 TP4 
Amplitude OVde Offset 2Vde Offset 
1Vp-p 1.92 0.616 
2Vp-p 3.88 1.27 
ara, } ZoMue Ly 3Vp-p 1.92 1.92 
Oe 4Vp-p 2.57 2.57 
5Vp-p 3.23 3.23 
6Vp-p 3.88 3.88 
7Vp-p 4,53 - 
8Vp-p 5.18 ~ i 
9Vp-p 5.84 ~ | 
10Vp-p 6.45 - 
a4 
TOP VIEWS 
U3,0B, ULF v4,Ub, 07 
+ perer Oo 


A4 - see Section Vil 
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Figure 8-40. 30 MHz Reference and Dividers, A3. 
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SERVICE GROUP H - MIXER. 
Mixer Shields. 


The Mixer circuits are covered by two shields, each consisting of a flat cover and an extru- 
sion. Always set the POWER switch to STBY before removing or replacing the shields. 
When replacing a shield, make sure the key on the bottom edge of the shield is aligned with 
the hole in the printed circuit board. Also, make sure the hole in the cover nearest the front 
of the instrument is over the mixer adjustment resistor. 


Mixer Troubleshooting. 


Failures on this portion of the A3 board are usually linked to A3CR101, A3U16, and sometimes A3U15. 
A3U16 often fails because of metalization. 


a. Ground the Auto Calibration Disable (ACD) test point (Service Group K - Figure 8-44) and cycle 
power. When 10Vp-p is programmed, the voltage at A3TP6 should be 100mVp-p with no de. [f this 
voltage is not correct, make sure that ACD is disabled and check TP6 again. If the voltage 1s still 
incorrect, the fault lies prior to TP6. 


b. To check for a A3CRI1O) failure, turn the instrument off and measure the resistance from TP6 
to ground. An ohmmeter with = ImA of current (3455A for example) is needed. The resistance should 
range from 1980 to 202. If the resistance measures less than 1980, one of the diodes in CR1O1 is 
Jeaky. CR1O1 can also be responsible for poor harmonic distortion and spurs. 


c. When replacing CR101, a good technique is to use four round toothpicks to position each of 
the four leads into place. This enables the new CR101 to be checked for satisfactory operation before 
it is soldered in place. Since the orientation of CR101 often affects harmonics and spurs, rotating 
it 90, 180, or 270 degrees can often improve these specifications. Use care when replacing CR101. 
Because of its small size, it is often damaged when being soldered. 


d. The waveform on the secondary windings of T1 (side closest to CR101 on schematic) can be 
observed on an oscilloscope. At turn-on, this waveform should be a 2Vp-p, 30MHz sine wave on 
both leads. Note that the waveform on T2 is not as easily observed. 


e. The voltage measured at A3TP7 should be the same as A3TP6 (step a). If this is the case, AJUI5 
is probably good, 


Service 
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f. The mixer output signal leaves the A3 board and enters the Al4 board as a current via cable & 
W24. A check of this current is made as follows: 


1. Connect the ACD test point (Service Group K) to ground and cycle instrument power. 
2. Move the Norm/Test jumper on A3 (Service Group H) to the test position. 

3. Program the front panel for a sine function at 10Vp-p. 

4. Remove cable W24 from connector J24 on A3 (Service Group H). 


5. Place an oscilloscope probe on J24’s center connector. The signal should be close to 2.00Vp-p 
with 2.2Vdc. 


6. Program an instrument sweep from 1kHz to 20MHz while monitoring the signal at the center 
connector of J24. Note that the voltages should remain the same. If they do not, check the 
multiplier (U11) and the differential amplifier (U14) in Service Group G. 


PRESET CURRENT : 
COUNTER > SOURCE MULTIPLE 
At4-I A1l4-1 

The Amplitude Calibration Disable, ACO, 1s used to break the 


feedback path during troubleshooting of amplitude problems 
Connect ACO to Gnd and cycle power off and an 
= 


FUNCTION 
CIRCUITS 


PEAK: HIGH VOLTAGE 
» OUTPUT ATTENUATOR P 
DETECTOR © pupr reTER PAD BHL , | «<OPTION 002 


Al4-K; AB~-M 


Each box contains a code such as A14-I. This lists first the board 


O ea eqitecy 
number lallowed by the schematic number. QUT B3iSA-6-26 


Figure 8-H-1. Sine Amplitude Control Path. 
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Model 3325A Service 


SERVICE GROUP | - D/A CONVERTER AND SAMPLE HOLD. 


D/A and Sample/Hold Troubleshooting. 


These circuits convert digital information (from the controller) to the analog voltages which 
control output level, dc offset, etc. If these control voltages appear to be incorrect (Service 
Groups J, K, or N) the trouble may be in the DAC counters, current source, or integrator, or 
in the Sample/Hold switches or amplifiers. 


Observe the ‘‘DAC Integrator Out’’ pulse train shown below. The voltage level at each Sample/Hold 
output amplifier test point should be identical to the level of its corresponding pulse at the DAC test 
point. This pulse train occurs at instrument turn-on and with the ACD test point grounded (schematic 
K - Service Group K). Note that the levels have a tolerance of + 0.02Vdc. Verification of these levels 
is made by again grounding the ACD test point, externally triggering an oscilloscope on the positive 
slope of test point AZ, and connecting the scope’s input to the DAC test point. 


ert Oar 
A ANALOG SWITCH ENABLE 
® OV 
elses OV 
B DACINTEGRATOR OUT 
1606=10.2V 


1 2 3 4 5 6 1 2 ¢ © 6 
1 = DAC Auto Zero (No TP) 0.0Vdc 
2 = Amplitude Calibration Level (TP +LVL) -10.2Vde 
3 = Output Amplitude (TP AMPL) -4.0Vdc 
4 = DC Offset (TP OS2) 0.0Vde 
5 = DC Offset Correction (TP O81) 0.0Vde 
6 = X Drive (TP XDR) 0.0Vdc 


Service Model 33254 


If the level at each Sample/Hold test point is not the same as its corresponding pulse at the DAC 


test point, suspect problems with the analog switch, the op amp, or the Sample/Hold capacitor. The 
following information can also help one determine if the Sample/Hold output is good. 


The DAC Auto Zero pulse is approximately 0V and the voltage out of A14U17 will vary slightly around 
-4,2V. 


+LVL: This voltage is used during self-calibration (AMPTD CAL) at which time + LVL jumps to 
various levels for a period of about 1 second. At all other times, + LVL remains at approximately 


-10.2V. 


AMPL: This voltage controls the amplitude of all functions. The normal amplitude range is -4.0V 


to +10V. 

Programmed Sine Amplitude TP AMPL 
2.99Vp-p +7V 
3.00Vp-p —AV 
10.00Vp-p + 10V 

Sine function off -10V 


OS2: This voltage controls the D.C. offset of the output waveform. 


With Sine function off: 


Programmed D.C, Offset TP O32 
+5Vde +10V 
—§Vde —10V 


OSI: This is the DC offset error correction voltage and is calculated during a self-calibration. This 
voltage should always be close to OV. 


XDR: X Drive is zero when not sweeping. It’s -10V for a one second sweep and -0.1V for a 99 second 
sweep. 


A common problem with this section of the Al4 board is loading of the DAC test point by a bad 
analog switch, Op-Amp, or a Sample/Hold capacitor. To check for a loading problem, unsolder the 
lead nearest the DAC test point on the resistor (R55) between A14U16 pin 6 and the test point. Attach 
an oscilloscope probe to the unsoldered lead of the resistor and monitor the DAC pulse train. Con- 
tinue to observe this pulse train while pressing the resistor lead down so that it makes contact with 
the point from which it was unsoldered. If any change in the levels of the pulse train is observed, 
the waveform is being loaded by a defective analog switch or Op-Amp. 
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The Preset Counters and Data Latch are not easily checked, but fortunately they seldom fail. If the 
correct DAC pulse train is observed with Auto-Cal disabled, the counters are working correctly. Data 
pulses with TTL levels should be observable at all times at the inputs and outputs of Al4U6-A14U9 
and A1l4U29. If any of these are not TTL levels or are not changing, then the IC is suspect. 


With the oscilloscope externally triggered at the AZ test point, the switch drive signals (from 
the Sample/Hold Latch, U26) can be observed at the latch outputs and the Analog Switch 
inputs (U20 and U24). Pulse timing can be compared to the DAC Integrator outputs. Pulses 
should be present at the inputs to U26 continually. 


The charge time and consequently the output voltage of the DAC Integrator is determined 
by the width of the output pulses from U10. These pulses turn on the dual current source, 


and the total current charges the integrator capacitor. The U10 outputs are negative-going 
pulses. 


Pulses should be present at the input and output pins of the various IC’s. The Load LSD, 
Load MSD, and S/H Strobe pulses should occur at a 1 kHz rate. The 2 MHz Reference (at 
the 2 MHz test point) is divided by 2 in U14 to provide a clock signal to the DAC circuits. 


aa 


CURRENT 
SOURCE 


The Amplitude Calibration Disable, ACD, is used to break the 
feedback path during troubleshooting of amplitude problems 
Connect ACD to Gnd and cycle power off and on 


FUNCTION 
CIRCUITS 
Al4-J 


PEAK HIGH VOLTAGE 
: OUTPUT JATTENUATOR p 
aera ad AMPLIFIER A23<L hia Be eee 


Each box contains a code such as A14-I, This lists first the board {) Ss - 
number followed by the schematic number, BUT B3C5A-6-26 


Figure 8-I-1. Sine Amplitude Control Path. 
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Board Board Board Board Board 
Designator Location Designator Location Designator Losation Designator Location Designator Location 
C1 A C205 F J30 H R31 B R136 E 
c2 B J31 D R32 B R137 E ”N 
c3 c C208 F J32 F R33 B R138 E 
c4 c C209 F R34 B R139 E 
cs c L26 B 
cé c C211 F L27 B R36 B R141 E 
C212 F R37 B 
C26 A C213 F L76 E R38 B R143 E 
C27 A C214 F 177 £ R39 B R144 F 
C28 A L78 E R40 B R145 F 
c29 A C216 G L739 F 
C217 G R41 B R146 F 
C31 B C218 G L101 D R42 B R147 F 
C32 B c219 G L102 D R43 B R148 F 
C33 B L103 D R44 B R149 F 
c34 B C221 G L104 F R45 c 
C35 c C222 G L105 F R151 F 
C223 G L201 F R46 B R152 F 
C36 B C224 G R47 B R153 F 
C37 B C225 G P31 D R48 B R154 F 
C38 B P32 F R49 c R156 F 
c39 B C226 G R50 B R157 F 
C227 G Qt B R158 F 
c41 B C228 G Q2 B R51 c R159 F 
C42 B C229 G Q3 B R52 C R160 F 
C43 B C230 H R53 Cc 
C44 B C231 H 25 B R54 c R161 F 
C45 B 026 B R162 F 
C233 G a27 c R56 c R163 F 
C46 B C234 G 28 B R164 F 
C47 C C235 H R57 c 
C48 Cc C236 H a76 H R58 c R166 F 
c49 Cc C237 H Q77 H 
C238 H a78 G R6O c R168 F 
cé61 Cc C239 H R169 F 
C62 Cc Q101 nh) R61 Cc 
C63 c C241 H Q102 D R62 c R208 F 
C242 H Q103 E R63 c R209 F 
C65 Cc C245 H a104 E R64 Cc 
C66 c C246 G Q105 D R65 Cc R211 F 
CRI A R212 F 
C76 ¢ CR2 c Q106 E R67 Cc 
C77 D CR3 c Q107 E R68 c R214 F 
C78 6 cR4 B a108 E REO €c R215 G 
C101 o CRS B Q109 E R76 c R216 F 
CR6 A R77 D R217 F 
C103 io) CR? A Q112 F R78 H R218 G 
C104 io) Q113 F R79 H R219 G 
CR76 H aii4 F R80 H 
C107 D R81 H R221 G 
C108 is) R101 o Q116 F R222 G 
C109 D cR102 D Q117 F R100 D R223 G 
C110 D R103 E Q118 F R101 D R224 G 
CR104 F aQ11g F R102 D R226 G 
c111 D R103 D R227 G 
C112 D CR106 F 201 F R104 D R228 G 
C113 D CR107 F Q202 G R105 D R229 G 
C114 D 203 G 
CR205 G 0204 G R106 D R231 G 
C116 D CR208 G R107 D R232 G 
C117 D CR209 G a206 G R108 D R233 G 
C118 £ 0207 G R109 D R234 G 
c119 E CR210 G 0208 G R110 D 
a209 G R236 G 
121 E CR211 G R111 D R237 G 
C122 E CR212 G 0211 H R112 E R238 G 
C123 E CR213 G 0212 H R113 E R239 G 
C124 E CR214 G 0213 H R114 E R241 G 
CR215 H 0214 H R242 F 
C126 E R116 E R243 G 
C127 E CR216 6 0216 H R117 E R244 G 
C128 E CR217 H 0217 G R118 E 
C129 E CR218 H 0218 H R119 E R246 G 
CR219 H 0219 H R120 E R247 H 
c131 E CR220 Wy R248 H 
C132 E CR221 H R1 A R121 E R249 G 
133 E FI B R122 E R250 H 
F2 A R3 A R123 E 
C134 € F3 G R4 c R124 E R251 G 
C135 F F4 G RB B R252 H 
R126 E R253 G 
C136 F a F RG B R127 E R264 H 
C137 F J2 G R7 B R128 E R265 G 
C138 F J4 H R8 B R129 E 
C139 F J5 6 Ro c R256 H 
R131 E R257 H 
C141 F J9 B R11 c R132 E R258 H 
C142 F J12 A R133 E R269 H 
C143 F 413 B R26 A R134 E R260 G 
C144 F J14 c R27 A 
R28 A 
J23 F 
C203 F oa a R29 A 
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SERVICE GROUP J - FUNCTION CIRCUITS. 
Function Circuits Troubleshooting. 


The Al4Q112 amplifier circuit supplies sine wave current to the output amplifier. Disconnect the cable 
(marked ‘'23 ALC’’) from A14J23 to permit maximum signal amplitude at Al4 test point SIN. 


Do not allow disconnected cable connector to contact the printed 
circuit boards or components, or circuits may be damaged. 


The sine wave signal at test point SIN should be approximately 200 mV p-p at the selected 
frequency. 


If this signal is not correct, the trouble is ahead of the SIN test point. If the sine 
function is the only one not operating correctly, check the diode CR101 and the 
filter components in the Q112 emitter circuit. 


® If there is a signal at the SIN test point, check the Sine Enable voltage at U28 pin 
10. This should be at a TTL high level. If not, check input and clock signals to 
U28 and U27. The inputs to U28 can be traced to U29, Service Group I, 


Be sure to reconnect cable 23 to Al4J23. 


Square, Triangle, and Ramp Functions. 


If the sine function is operating properly, but none of the other functions is correct, the 
trouble is probably in the Q101, Q102 circuits or U31 inverters. Also check for the correct 
enable signals from U28. The table next to U28 on the schematic relates the functions to the 
enable signal levels. The trouble may also be in the Offset and Amplitude Control circuits. 


Square Function Only. 


If the square wave function only is not operating properly, observe the signal at the SQR test 
point on Al4. This should be a TTL level square wave at the selected frequency. 


If this signal is not present, check the Square Enable voltage level at U33 pin 4, 
which should be TTL high. If correct, check the clock input at U33 pin 3, then the 
U3] inverter circuits and Q101, 102. If the signal at U3! pins 5 and 9 is correct but 
pins 6 and 8 are always low, it is possible that U32 could be defective. 


©& If the signal at SQR is correct, troubleshoot the U40 circuits and the Amplitude 
? Control circuits. 


If Self Tests 1 and 3 pass and Self Test 2 fails, suspect problems with Al4U42 in Service Group K. 
8-J-] 
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Triangle and Ramp Functions. 


If the sine and square functions are correct, but the triangle and ramp functions are not 
operating properly, use the following procedure. 


a. Connect oscilloscope to the TRI test point (on Al4). Set controls as follows: 


Vertical 2si2c0 4 ean d 2a Pari ede bate 0.2 V/div (+ 10 probe) 
SWRED 28S deere eee he Ras AR Wa a hee a RAR gee wae Slee 0.1 ps/div 
TYR SET 25 aid eis gation BAR acaba tel ee Acad ah Wants Int/+ slope 


b. Set the 3325A as follows: 


PU CUIONT 53.00. FS sine ttag ea lab tea wach bhide sre aus & Bhacetee ee NS Triangle 
FLOQuenney sis: seis wake vep sw evo ve Ve wee reg ene ee en ae 1 Hz 
Amipltud@iiccasieaaieiied aie bak eee teeta petals 10 V p-p 


c. The pulse width of the TRI signal should increase and decrease at a | Hz rate (TTL 
levels). 


d. Monitor pin 9 of U36 with the oscilloscope. This should be a TTL square wave, fre- 
quency ! MHz (actually 1.000001 MHz). If not, goto Step f. 


é. The signal at pin 10 of U36 should be a TTL square wave at 1 MHz. If not, go to the 
2 MHz test point and trace the signal through to U36 pin 10. U14 divides the 2 MHz 
reference by two. If U14 is not operating, check for a TTL high Triangle Enable at U14 pin 
10. 


f. If the proper signal js not present at U36 pin 9, trace the signal back through U32, 
which is a + 10 counter. Also check for a TTL high Triangle Enable level at U33 pin 10. 


g. If the digital signals are all correct the trouble may be in U40 or the Triangle and Ramp 
Filter circuits. Observe the signal at the TRIFILT test point. It should be a triangle or ramp 
(selected function) approximately 200 mV p-p. If not, check U40 output at pin 13, Measure 
voltages in the Q114-Q118 circuits. 

Ramp Functions Only. 


If only the ramp functions are not operating properly, the trouble is probably in the ramp 
reset circuits. 


a. Connect an oscilloscope to the TRI test point (on Al4). Set the controls as follows: 


Vertical... ... eee eect eee rere eee eee 0.2 V/div (+ 10 probe) 
S WEED elses icienat hey Rea ea raed tee vos O.1 ps/div 
WIG PER. ss..: ices ates 2 2th oes Sakae Hes slab rnvacpoden oe eat Int/+ slope 


®@ 
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b. Set the 3325A as follows: 


Function: e200 edie die eves es we ad pee aa + Ramp 
FREQUENCY 5c e Sade haa the eee bag hee be ee Pea alee te 1 Hz 
AMPLE. 5 bey cces eee Paar mae id weet eeS NES Fs 10 V p-p 


¢. The width of the positive pulse should decrease to zero, then reset and repeat at a 1 Hz 
rate (TTL levels). , 


d. Change function to — Ramp. The positive pulse at the TRI test point should increase 
to maximum, then reset to zero and repeat at a 1 Hz rate. If the signal is the same as the cor- 
rect signal in Step d, the Ramp Polarity signal from U28 pin 5 may be incorrect. This level 
should be high for — Ramp function and low for + Ramp. 


e. If the pulse width in Step c or d increases and decreases, the pulse reset circuits are not 
operating, and the 3325A output signal should be a triangle, at a 0.5 Hz rate. 


f. At frequencies below 100 Hz, the ramps are reset by the digital Phase Detector, U35. 
Check for negative-going pulses at U35 pin 6, positive-going pulses at U37 pin 8, and 
negative-going pulses at U37 pin 6, Each pulse should toggle the output of U34, pin 8. The 
Ramp Enable level at U34 pin 10 must be high. 


g. At frequencies of 100 Hz and higher, ramps are reset by the + Ramp Reset pulses 
generated by the Ramp Reset one-shots (U45, Service Group K) which are triggered by the 
Level Comparator output, U42 pin 7. These are also negative-going pulses, approximately 
10 us wide. 


DC Offset and Amplitude Troubleshooting. 


Problems in the Amplitude and Offset control circuits are most easily located by measuring de volt- 
ages. The voltages shown on the schematic are measured with the instrument in the turn-on state (power 
switched from STBY to ON). Amplitude problems have in the past, been linked to U38, U39, and 
U40 failures. If the amplitude level from the DAC (see AMPL test point - Service Group J) 1s correct 
as well as the voltages at A3TP4 (Service Group G), then the amplitude control circuitry in this serv- 
ice group is suspect. 


A dc offset in sine function only may be caused by a fault in the Q103, Q104 circuits. 

If the square, triangle, and ramp functions are inoperative, or if the DC Offset (no ac func- 
tion) is one-half the programmed level, the problem may be in Offset Control circuits U38B, 
Q106, U41B, or Q113. 


The voltages at Q108 emitters should always be identical. 
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Clipping of the positive or negative peaks on the output waveform is sometimes caused by a fault & 


in the D.C. Offset Current circuitry. Too much or too little offset current causes the output amplifier 
to saturate on either the positive or negative peaks. 


PRESET CURRENT 
COUNTER SOURCE 
Ai4-I 


The Amplitude Calibration Disable, ACD, is used to break the 
feedback path during troubleshooting of amplitude problems. 


Connect ACD to Gnd and cycle power off and on. 
PROCESSOR 
ABE FUNCTION 


CIRCUITS 
Al4-J 


PEAK 


{ wiHIGH VOLTAGE 
DETECTOR | , OUTPUT ATTENUATOR 


AMPLIFIER mT AR3-L lg@__| OPTION 002 


A1l4~-K AB-M 


Each box contains a code such as A14-1, This lists first the board 
number followed by the schematic number. 


0 3325A-8-26 
6 
ACD OUT 


Figure 8-J-1. Sine Amplitude Cantrol Path. 
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Model 3325A Service 


Board Board Board Board Board 
Designator Location Oesignator Location Oesignator Location Designator Location Designator Location 
& ci A C205 F J30 H R31 B R136 E 
: C2 B J31 D R32 B R137 E 
c3 Cc C208 F J32 F R33 8B A138 E 
C4 c C209 F R34 8 R139 E 
Ch Cc L26 8 
cé c C211 F 127 8 R36 B R141 E 
C212 F R37 8B 
C26 A C213 F L76 E R38 B R143 E 
C27 A C214 F L77 E R39 B R144 F 
C28 A L78 E R40 B R145 F 
C29 A C216 G L79 F 
C217 G RAi B R146 F 
C31 B C218 G L101 D R42 B R147 F 
C32 B C219 G L102 D R43 B R148 F 
C33 8 L103 DB R44 B R149 F 
C34 8 C221 G L104 F R45 Cc 
C35 c C222 G i105 F R151 F 
C223 G L201 F R46 B R152 F 
C36 B C224 G R47 B R153 F 
C37 B C225 G P31 D R48 B R154 F 
C38 B P32 F R49 Cc R156 F 
C39 B C226 G RSO B R157 F 
C227 G Q1 B R158 F 
C41 B C228 G Q2 B R51 Cc R159 F 
C42 B C229 G Q3 B R52 c R160 F 
C43 B €230 H R53 Cc 
C44 B C231 H Q25 B R54 Cc R161 F 
C45 B Q26 B R162 F 
C233 6 Q27 c R56 Cc R163 F 
C46 8 C234 G 028 8 R164 F 
C47 c C235 H R57 Cc 
C48 Cc C236 H 076 H R58 Cc R166 F 
c49 c C237 H Q77 H 
C238 H Q78 G R60 € R168 F 
C61 Cc C239 H R169 F 
C62 Cc Q101 D R61 Cc 
C63 Cc C241 H Q102 D R62 Cc R208 F 
C242 H Q103 E R63 Cc R209 F 
C65 Cc C245 H Q104 E R64 c 
C66 Cc C246 G Q105 2) R65 c R211 F 
CR1 A R212 F 
C76 c CR2 c Q106 E R67 c 
C77 D CR3 c Q107 E R68 c R214 F 
@ C78 G CR4 B Q108 é R69 c R215 G 
Be C101 DB CR5 B a10g E R76 Cc R216 F 
CRE A R77 D R217 F 
C103 18) CR? A Q112 F R78 H R218 G 
C104 D a113 F R79 H R219 G 
CR76 H a1i4 F R80 H 
C107 Dd R81 H R221 G 
C108 19) CR101 D Q116 F R222 6 
C103 dD CR102 D Q117 F Ri00 D R223 G 
€110 ie) €R103 E Q118 F R101 D R224 G 
R104 F Qi1i9 F R102 9) R226 G 
C111 D R103 D R227 G 
112 ip) CR106 F Q201 F R104 D R228 G 
C113 dD CR107 F Q202 G R105 D R229 G 
C114 iP) Q203 G 
CR205 G Q204 G R106 i) R231 G 
C116 D CR208 G R107 D R232 G 
C1i7 D CR209 G Q206 G R108 1?) R233 G 
C118 E Q207 G R109 D R234 G 
c119 E CR210 G Q208 G R110 D 
Q209 G R236 G 
€121 E CR211 G R111 D R237 G 
C122 E CR212 G Q211 H R112 E R238 G 
C123 E CR213 G Q212 H R113 E R239 G 
C124 E CR214 G Q213 H R114 E R241 G 
CR215 H a214 H R242 F 
C126 E R116 E R243 G 
C127 E CR216 6 Q216 H R117 E R244 G 
C128 E CR217 H Q217 G R118 E 
C129 E CR218 H Q218 H R119 E R246 G 
CR219 H Q219 H R120 E R247 H 
C131 E CR220 H R248 H 
C132 E CR221 H R1 A R121 E R249 G 
€133 E R122 E R250 H 
F1 B R3 A R123 E 
Ci34 E F2 A R4 Cc R124 E R251 G 
C135 F F3 G R5 B R252 H 
F4 G R126 E R253 G 
C136 F R6 B R127 E R264 H 
C137 F J1 F R7 B R128 E R255 G 
C138 F J2 G R8 B R129 E 
C139 F J4 H R9 Cc R256 H 
J5 G R131 E R267 H 
C141 F Rit c R132 E R258 H 
C142 F JQ B R133 E R259 H 
= C143 F J12 A R26 A Ri34 E R260 G 
C144 F J13 8 R27 A 
J14 c R28 A 
C203 F R29 A 
J23 F 
J24 D 
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Service Model 3325A 
R261 H +15V B U1 A U23 ¢ 
R262 H -15V B U2 A U24 Cc & 
R263 H +15V G u3 B u25 c 
R264 H -15V G ua B 
R265 H US c U26 Cc 

ACD G U6 Cc U27 Cc 

R266 H AMPL Cc U7 A u28 Cc 

R267 H AMP OUT G us A u29 ) 

R268 H AZ Cc ug A U30 G 
R268 H U10 B 

R270 H DAC Cc U31 D 

R271 H GND G uit B u32 D 

R272 H LVL D u12 B U33 i) 

R273 H os D U13 B u34 D 

R274 H os2 Cc u14 B U35 a) 
R275 H U15 B 

PK F UI6 B U36 E 

R276 H RMP D u17 B U37 E 

R277 H SINE E U18 c U38 E 

saR E u1g Cc U39 E 

Test Points U20 c u40 F 

2MHz A TRI E u41 F 

+5V A TRIFILT F U21 c U42 E 

XOR D 

U44 F 

U45 F 

u46 G 

U47 G 

Uu48 G 

u49 G 

USO G 
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Note 1: These voltage leveis are useful when troubleshooting amplitude 
problems. Levels shown occur with the 3325A‘s frequency set to 1kHz, and 
with Auto Calibration Disable (ACD) grounded. 


Programmed TP TP 
Amplitude (Vp-p) AMP IN (OV de offset) AMP IN (2V dc offset) 
Vp-p DC Level Vp-p DC Level 
1 0.16 5.17 0.06 .1 
2 0.28 5.17 0.1 5.1 
3 0.16 5.17 0.14 5.1 
4 0.20 5.17 0.18 5.1 
5 0.24 5.17 0.22 5.1 
6 0,28 5.17 0.26 5.1 
7 0,32 5.17 
8 0.38 5.17 
9 0.44 5.17 
10 0.48 5.17 
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Figure 8-43. Function Circuits, Al4. 
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Model 3325A Service 


SERVICE GROUP K - OUTPUT AMPLIFIER AND LEVEL COMPARATOR. 
Output Amplifier and Level Comparator Troubleshooting. 


If the instrument accepts and displays entries, but there is neither a signal nor syne output, the trou- 
ble may be in the Output Amplifier circuit. Note that when troubleshooting amplitude problems, the 
Auto Calibration Disable (ACD) test point must be grounded and the power cycled (Figure 8-44). 
This procedure breaks the amplitude loop and makes it possible to troubleshoot the amplitude con- 
trol path (see Figure 8-K-1). 


a. Move the small shorting connector marked AMP IN (on Al4) from the NORM to the opposite 
position. 


b. Disconnect any external equipment from the signal output. 


c. Measure the de voltage at the AMP OUT test point and at both ends of the fuse, F3. 
These voltages should be approximately +7.5 V. 


If these voltages are all correct, the amplifier is probably operating correctly, and 
the problem may be in the Attenuator, Service Group L. 


The fuse F3 can be opened when excessive voltage is applied to the 3325A’s signal port. It, therefore, 
blows fairly often and should be replaced as necessary (0.25A, -hp- Part No. 2110-0343). 


If the amplifier output voltage is not correct, troubleshoot the amplifier circuit by measuring de volt- 
ages within the circuit as shown on the schematic (tolerance + 10%), These voltages are measured 
with the AMP IN shorting connector in the TEST position. While troubleshooting, note that the cir- 
cuit from the node common to the bases of A14Q207 and A14Q213 to the AMP OUT test point is 
a voltage follower. Therefore, the waveform at the node and at the test point should be the same. 
When troubleshooting the circuit from A14Q210 to A14Q209, it is helpful to check the forward and 
backward resistance of each transistor. 


Be sure to replace the shorting connector to the NORM position after troubleshooting. 


If the 3325A does not mect accuracy specifications at 20MHz after repair of the output amplifier, 
and the flatness cannot be adjusted properly with the FLT adjustment (Section V, Amplitude Flat- 
ness Adjustment), it may be necessary to select a different value for A14C103 (Service Group J). In- 
creasing the value increases the output amplitude at higher frequencies, and vice versa. Note that the 
20MHz flatness adjustment (FLT) affects square wave overshoot. 


8-K-1 


Service Model 3325A 


No Sync Output, Signal Output Normal. 


If the signal output is normal but there is no sync output, check for a square wave at both 
ends of the fuse, F4. With no external equipment connected to the sync output, this should 
bea TTL level square wave. 


If the signal is present at only one end of the fuse, replace the fuse (.125 A, -hp- 
Part No. 2110-0301). 


If the fuse is good, trace the signal from U47 through U48. If any one of the five 
parallel inverters has failed with either the input or output at ground, the sync out- 
put will not be present. 


If there is no signal at U47 output, move the small shorting connector marked 
AMP IN from the NORM position to the opposite position. The dc voltage at U47 
pin 2 should then measure +3.75 V (one-half the voltage at the AMP OUT test 
point). 


Be sure to return the shorting connector to the NORM position after troubleshooting. 
Level Comparator, Level Data, and Ramp Reset Troubleshooting. 
The Level Comparator output level (at PK test point) changes each time the amplifier output 


equals the ‘‘Level’’ voltage at U42 pin 3. These changes should be easily observed when the 
AMPTD CAL key is pressed. 


The Level Comparator outputs preset the Level Data Flip-Flops, which are reset as necessary 
by the controller. 


The Ramp Reset one-shots are triggered by the Level Comparator outputs when the Ramp 
Enable signal is high. The level of the Ramp Polarity signal at U45 pins 2 and 9 determines 
whether the + Ramp or — Ramp reset one-shot is triggered. 


PRESET CURRENT 
COUNTER ; SOURCE 
A14-I A14-1 


The Amplitude Calibration Disable. ACD, is used to break the 
feedback path during troubleshooting of amplitude problems. 
Connect ACD to Gnd and cycle power off and on. 
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Figure 8-K-1. Sine Amplitude Control Path. 
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Model 3325A Service 


Board Board Board Board Board 
Designator Location Designator Lacation Designator Location Designator Location Designator Location 
C1 A C205 F J30 H R31 i} R136 E 
: C2 B J31 D R32 B R137 E 
: C3 Cc C208 F J32 F R33 B R138 E 
c4 Cc C209 F R34 B R139 E 
Cs Cc L26 8 
cé Cc C211 F L27 8 R36 B Ri41 E 
C212 F R37 B 
C26 A C213 F L76 E R38 8B R143 E 
C27 A C214 F L77 E R39 8 R144 F 
C28 A L78 E R40 B R145 F 
c29 A C216 G L79 F 
C217 G R41 B R146 F 
C31 B C218 G L101 D R42 B R147 F 
C32 B C219 G L102 D R43 B R148 F 
C33 8 L103 D R44 B R149 F 
C34 8 C221 G L104 F R45 Cc 
C35 c C222 G L105 F R151 F 
C223 G L201 F R46 B R152 F 
C36 B C224 G R47 B R153 F 
C37 B C225 G P31 i) R48 B R154 F 
C38 B P32 F R49 c R156 F 
C39 B C226 G R50 B R157 F 
C227 G a1 B R158 F 
c41 8 C228 G a2 B R51 c Ri59 F 
C42 8 C229 G Q3 B R52 Cc R160 F 
C43 B C230 BK R53 c 
Ca4 B C231 H Q25 B R54 c R161 F 
C45 B Q26 B R162 F 
C233 G Q27 Cc R56 c R163 F 
C46 B C234 G Q28 8 R164 F 
C47 c C235 H R57 Cc 
c48 c C236 H Q76 H R58 Cc R166 F 
c4g c C237 H Q77 H 
C238 H 078 G R6O Cc R168 F 
Cé1 c C239 H Rié69 F 
C62 c a1o1 D R61 c 
C63 c C241 H Q102 ie) R62 c R208 F 
C242 H Q103 E R63 c R209 F 
cé5 Cc C245 H Q104 E R64 c 
C66 c C246 G Q105 D R65 Cc R211 F 
CR1 A R212 F 
C76 c CR2 Cc Q106 E R67 c 
C77 D CR3 c Q107 E R68 Cc R214 F 
C78 G CR4 B a108 E R69 Cc R215 G 
®@ c101 D CR5 B a109 E R76 c R216 F 
CRE A R77 D R217 F 
C103 D CR7 A Q1i2 F R78 H R218 G 
€104 D a143 F R79 H R219 G 
CR76 H aii4 F R80 H 
C107 D R81 H R221 G 
C108 2) CR101 D Q116 F R222 G 
c109 D CR102 D Q117 F Ri00 D R223 G 
c110 BD CR103 E Q118 F R101 D R224 G 
CR104 F Q119 F R102 D R226 G 
c111 i>) R103 BD R227 G 
C112 0 CR106 F 0201 F R104 D R228 G 
C113 D CR107 F Q202 G R105 D R229 G 
C114 13) Q203 G 
CR205 G Q204 G R106 Do R231 G 
C116 iP) CR208 G R107 D R232 G 
C117 D CR209 G Q206 G R108 D R233 G 
C118 E 207 G R109 ie} R234 G 
C119 i CR210 G a208 G R110 D 
a209 G R236 G 
C121 E CR211 fe} Ri14 ie R237 G 
C122 E CR212 G Q211 H R112 E R238 G 
c123 E CR213 G Q212 H R113 E R239 G 
C124 E CR214 G 0213 H R114 E R241 G 
CR215 H a214 H R242 F 
C126 E R116 E R243 G 
C127 E CR216 G 0216 H R117 E R244 G 
C128 E CR217 H Q217 G R118 E 
C129 E CR218 H Q218 H R119 E R246 G 
CR219 H Q219 H R120 E R247 H 
C131 E CR220 H R248 H 
C132 E CR221 H R1 A R121 E R249 G 
C133 E R122 E R250 H 
Fl B R3 A R123 E 
C134 E F2 A R4 c Ri24 E R261 G 
C135 F F3 G RS B R252 H 
F4 G R126 £ R253 G 
C136 F R6 B R127 E R254 H 
C137 F J1 F R7 B R128 E R255 G 
C138 F J2 G R8 8 R129 E 
C139 F 14 H RO c R256 H 
J5 G R131 E R257 H 
c141 F R11 c R132 E R258 H 
& C142 F J9 B R133 E R259 H 
> C143 F J12 A R26 A R134 E R260 G 
c144 F J13 B R27 A 
J14 c R28 A 
C203 F R29 A 
J23 F 
J24 D 
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Service Model 3325A 
R261 H +15V B ul A u26 c @ 
R262 H -15V B U2 A U27 c 
R263 H +15V G u3 B U28 c 
R264 H -15V G u4 B u29 D 
R265 H UB c U30 G 

ACD G ué c 
R266 H AMPL Cc U7 A u31 D 
R267 H AMP OUT G ug A U32 D 
R268 H AZ c ug A U33 D 
R269 H U10 B u34 D 
R270 H DAC c U35 D 
R271 H GND G ut4 B 
R272 H LVL D Ut2 B U36 E 
R273 H 081 D uU13 B U3? E 
R274 H O$2 Cc u14 B U38 E 
R275 H Uis 8 U39 E 
PK F U16 B u40 F 
R276 H RMP D u17 B U41 F 
R277 H SINE E u18 Cc u42 F 
Sar E ut9 c 
Test Points U20 Cc U44 F 
2MHz A TRI E U45 F 
+5V A TRIFILT F U21 c ua6 G 
XDR D U47 G 
U23 c U48 G 
24 e U49 G 
U25 Cc U50 G 
Programmed TP Amp Gut TP Amp Out 
Freq Amplitude OVde Offset 2Vde Offset 
1kHz 1 7.2Vp-p 2.4Vp-p 
2 14.4Vp-p 4.8Vp-p 
3 7.2Vp-p 7.2Vp-p 
4 9.6Vp-p 9.6Vp-p 
5 12.0Vp-p 12,0Vp-p 
6 14.4Vp-p 14.4Vp-p 
7 17.0Vp-p -_ 
8 19.0Vp-p a 
9 22.0Vp-p _ 
10 24.0Vp-p _ 
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Figure 8-44, Output Amplifier, Al4. 
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© SERVICE GROUP L - ATTENUATOR. 


Troubleshooting Attenuator Relays and Drivers. 


Set output to: 
FONGUON 23.934 44.6 Wnea Fale DC Offset only (no AC function) 
DG OTs iis Saat Aidan acto aitslata apni xfs aatetean oho bctaea 5V 
Press AMPTD CAL Key. 


Measure the 3325A output voltage with a de digital voltmeter. Do not use a 50-ohm load. 
The output level should be + 10,000 V +0.4%. If the output voltage is incorrect by a large 
amount (a factor of 3, 10, or 100 for example) one of the attenuator relays may be latched in 
the wrong position. With the DC Offset set to 5 V, none of the attenuator pads should bein. 


No Load Output voltage will be 


If + 100 pad (K1)} is IN 0.100 V 
If + 10 pad (K2) is IN 1.000 V 
If +3 pad (K3) is IN 3.333 V 
If +100 and + 10 pads are IN 0.010 V 
If +100 and +3 pads are IN 0.033 V 
If +10and +3 pads are IN 0.333 V 
& If K4 isin the IN position 
2 Instrument with High Voltage 
Option 002 20.00 V 
Instrument without Option 002 
(front panel output) OV 
(rear panel output) 10.00 V 


Operation of the latching relays may be checked by momentarily grounding each output of 
A4U50, and A4Q76 collector, as follows: 


Pin No. Relay 


10 K4 ~—s Front output or H.V. OFF 
16 K4 Rear output or H.V. ON 
15 K3 OUT 
14 K3 IN 
13 K2 OUT 
12 Kk2 IN 
1] Kl OUT 
®& Q76 Coll. K1 IN 
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A small error in the output voltage may be caused by the output amplifier or by excessive 

contact resistance in the attenuator relays, particularly if the error is not evident on all @ 
ranges. The following table lists the eight ranges used in the DC Offset only mode, and the 

relays used for each range. Relay K4 is used for all ranges. 


Dc Offset Only Attenuator 
Range (No AC Function) Relay Pads In 


1 5.000 to 1.500 V None 

2 1.499 to 0,500 V k3 

3 499.9 to 150.0mV K2 

4 149.9 to 50.00 mV K2, K3 

5 49,99 to 15.00mV Kl 

6 14.99to 5.000 mV K1, K3 

7 4.999 to 1,500 mV K1, K2 
8 1.499 to 1.000 mV Kl, K2, K3 


Relay drive pulses at A14U49 outputs and A14U50 and A14Q76 oceur only in conjunction with a 
range change. Changing the output level from SV to imV results in pulses to K1, K2, and K3 which 
place them in the ‘“‘pad in’’ position. Changing from ImV to 5V causes all three relays to change 
to the “‘pad out” position. Pulses may be observed at the proper points by observing an oscilloscope 
set to a slow sweep speed while entering the above voltages. The clock pulse to 49 may also be ob- 
served during any range change. Pulses should appear at U49 inputs continually. 


A23 Attenuator Relay Cleaning and Servicing. 


Removal and Replacement 

Use a small screwdriver or similar tool to pry the flat spring retainer away from the side of the relay 
and remove the retainer. The relay can then be lifted from the board (each relay should be marked 
on the case to insure that they will be returned to the same position). When replacing the relay, make 
sure the key tabs on the bottom of the relay case are properly aligned with the holes in the printed 
circuit board and that the contact pins also fit properly. 


Relay and Board Cleaning 
Before cleaning the relays and the printed circuit board, note the following precautions: 


- do not clean the relays with solvents or fluorcarbons (e.g. Freon, ‘‘Dust-OFF’’ flux remover, or 
circuit cooler), 


- avoid touching the contacts 


- use only low pressure (10 psi max) dry gas. CO,, N,, or air are all acceptable. A squeeze bulb blower 
is good. Do not use your mouth. 
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as ¢ 8 cs 
a 4% o. 
Procedure: kt go 


a. After the relays have been removed from the board as instructed above, blow clean the relay 
contacts and armature with low pressure dry gas (e.g., CO,, N,, or air). Do not blow with your 
mouth. 


b. Spray no-noise silicon lubricant (P/N 6030-0063) into the cavity area. Place the relay, contact 
side down, in a dust-free area and allow it to cure for 24 hours before using. 


c. Clean the printed circuit board where the relays sit with isopropyl] alcohol (‘'2-Propanol’’ P/N 
8500-0755). Apply the alcohol with a soft brush (P/N 8520-0007). Avoid circular brush strokes and 
maintain a minimum amount of application pressure. Avoid using anything else (such as erasers) on 
the board. Blow dry the board and store in a dust-free area until the relays are ready to be reattached. 


d. When the relays have cure dried, reattach them to the board. Check to insure that the relays 
are functioning properly by following the procedures described in the troubleshooting section. 
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SERVICE GROUP M - OPTIONS: HIGH VOLTAGE OUTPUT (OPT. 002) AND HIGH STABILITY REFER- 
ENCE (OPT. 001). 


High Voltage Output Amplifier Troubleshooting. 


Before servicing the A8 assembly, be sure that it is being uscd within its limits of operation: 


Frequency Range: 0 - IMHz 
Output Load: 5002 minimum 


If the standard output is normal but there is no high voltage output, move the small shorting 
connector marked AMP IN (on Al4) from the NORM position to the opposite position. 
Measure the dc voltage at A8TPS and at both ends of A8F1. This voltage should be approx- 
imately +15 V. 


If voltage is present at only one end of AS8F1, replace the fuse (.25 A, -hp- Part 
No. 2110-0343). 


If the fuse is good, return the shorting connector to the NORM position. Discon- 


necl the cable (marked 20 HI V1) from A8J20. Measure dc voltages with the cir- 
cuit as shown on the schematic. Voltages should be within + 10%. 


Check that jumper A6W1 is clipped or missing. The absence of this jumper indicates to the processor 
that the High Voltage option is installed and the processor will then allow voltages greater than 10Vp-p 


to be programmmed, 


Note that the A&8 assembly has its own +30V power supply. 


Be sure to reconnect the cable to U8J20 after troubleshooting. 

REAR PANEL OUTPUT WITH OPTION 002. 

Normally, instruments having the High Voltage Output Option 002 are shipped from the 
factory with the signal output at the front panel. The signal output can be changed to the 


rear panel by reconnecting Cables 1 and 4. 


a. Disconnect Cable 1 (to the front panel signal output) from the attenuator assembly J1 
OUT. 


b. Disconnect Cable 4 (to rear panel signal output) from the connector on Al4 labeled ‘4 DUMMY”, 
and connect it to J] OUT on the attenuator assembly. It may be necessary to cut a cable tie to reach J. 


c, Connect Cable 1 to the ‘*4 DUMMY” connector. 


d. The standard and high voltage outputs will now appear at the rear panel SIGNAL con- 
nector. 
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CHANGING OPTION 002 TO STANDARD (FRONT/REAR) OUTPUT. 


Use the following procedure to change an instrument with High Voltage Output Option 002 
to the standard instrument Front/Rear signal output configuration. The High Voltage out- 
put will then not be available at either the front or rear panel. 


a. Disconnect Cable 20 from the attenuator assembly connector labeled ‘‘AUX OUT 
4/20”, 


b. Disconnect Cable 21 from the attenuator assembly connector labeled ‘‘HV IN’’. 


c. Disconnect Cable 4 from the connector on A6 labeled ‘‘4 DUMMY”? and connect it to 
the attenuator assembly connector labeled ‘‘AUX OUT 4/20’’. 


d. Connect Cable 20 to the ‘‘4 DUMMY” connector. 


e. Secure Cable 21 in a position that does not allow the connector to touch the printed cir- 
cuit board or any component. 


f. Solder a small wire jumper in the position on A6 that is between A6U43 and A6S1. 
This jumper is marked W1 on the schematic diagram and the component location drawing in 
Service Group C. When this jumper is in place, the logic circuits recognize the standard (no 
high voltage output) configuration. 


g. Attach a tag or other identification to the front panel to indicate that the high voltage 
output has been disabled and that the standard signal output is available at the front or rear 
panel (switchable). 
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Figure 8-46. High Voltage Output Option 002, A8. 
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®@ SERVICE GROUP N - SWEEP DRIVE CIRCUITS. 


Troubleshooting The Sweep Drive Circuits. 


To determine whether only one or both X Drive ranges are bad, monitor the X Drive output 
with an oscilloscope. 


a. Set sweep time to .999 sec, Press START CONT key. X Drive output should go from 
0 V to > +10 V during sweep up, and remain at 0 V during sweep down. 


b. Set sweep time to I sec. The oscilloscope display should be as described in Step a. 


c. Check the voltage at the XDR test point (on Al4). This voltage should change from 
—10.0 V to -0.1 V when the sweep time is changed from I sec to .999 sec, 


d. If neither output is correct in Steps a and b, first troubleshoot the X Drive Integrator 
circuit. The ramp reset pulse at the gate of Al4Q1 should be as indicated on the schematic, 
with the negative-going edge of the pulse occurring at the end of a sweep up (in continuous 
sweep). Also check for the Ramp Reset pulse at A14U1 pin 12. If no pulse is present, go to 
the Logic troubleshooting, Service Group C, 


€. Setting the sweep time to .999 sec checks Range 1, while a time of I sec checks Range 2. 
i) If only one range is inoperative, compare the voltage at U4 pin 4 (Range 1) or U3 pin 6 
— (Range 2) to the voltage at the XDR test point, 


-999 sec = —0.1 V 
lsec = —10.0V 


If these voltages are correct, the Sweep Range Switches are working, and the trouble is pro- 
bably in the X Drive Integrator, 


f. If either of the voltages in Step e is not correct, check for the Range 1 level at U4 pin 2, 
or the Range 2 level at U3 pin 2 and 3. One of these should be TTL high and the other low, 
depending upon the range of the sweep time selected. 


g. The Start output from the X Drive Start/Stop Flip-Flop should be high during a sweep 
up and low during sweep down. The L Start level at U2 pin 2 and U1 pin 15 should go low at 
the beginning of a sweep up and high just before the end of sweep up. 


Z Blank Output. 


With the 3325A in continuous sweep (linear mode) the Z Blank output should be at a TTL low level 
during sweep up, high during sweep down. Check for this signal at both ends of A14F1. If the fuse 
& is bad, replace with -hp- P/N 2110-0343, 0.25A. The signal should be inverted at the base of Q3. 
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Marker Output. @ 


The Marker output operates only during a linear sweep up. It is high at the start of a sweep 
up, goes low at the selected marker frequency, then high again at the stop frequency, Check 
for this signal at both ends of A14F2. If the fuse is bad, replace with -hp- Part No. 
2110-0343, .25 A. 


If the fuse is good, check for the presence of the Sweep Limit Flag at U2 pin 5, 
and the Marker Reset pulse at U2 pin 1. Both should be negative-going pulses. 
Sweep Limit Flag should occur at the selected marker frequency and at the end of 
sweep up. The Marker Reset pulse should occur immediately after the end of 
sweep up. 
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SERVICE GROUP O - POWER SUPPLIES. 


Power Supply Troubleshooting. 


The Power Supply printed circuit board mounting screws must be 
ughiened securely or the regulators will not operate properly. The 
line fuse may be destroyed, 


To determine if the trouble is in the regulators or if some other circuit is pulling down a 
power supply voltage, disconnect the cable (W22) from A2P5. This breaks the connector to 
the power switch; ground A2P5 pin 10 to enable the power supplies. 


The three power supply voltages (+ 15V, +5V) are routed from A2P5 through the cable W22 to A6P5, 

and from Aé are connected to the other assemblies through the flat cables at the side of A6 and the 

gray or blue cable to the keyboard assernbly. In addition to the flat cables, + 15V are routed to Al4 

through either a 2-wire cable which has a connector at each end, or through individual wires connect- 

cE ing to square ping at either end. When replacing either the 2-wire cable or the individual wires, make 
sure the connection is correct. The red wire goes to +13V and the black wire to -15V. 


If the power supply voltages are not within *1V of the correct value with the cable removed, 
troubleshoot the regulator circuits, using the dc voltages noted on the schematic. Note that all sup- 
plies are referenced to -15V. Therefore, if this supply is bad, the +5V and +15V supplies will be 
off as well. 


If the power supply voltages are correct with the cable disconnected, disconnect all three of 
the flat cables and the cable to the keyboard assembly, and reconnect cable W22 to A2P5. 
Connect the STBY test point (on A6) to ground to enable the power supplies. If power sup- 
ply voltages are again incorrect, the problem is on the A6 assembly (Service Groups B and 
C). If power supply voltages are correct with A6 connected and the other assemblies discon- 
nected, replace the cables one at a time to locate the problem, then troubleshoot the ap- 
propriate assembly. 


The flat cables must be removed and reinserted carefully to pre- 
vent damage. Make sure that the cable contacts are aligned proper- 
ly with the connector contacts. 
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NOTES 


I, When replacing Ql, Q2, or Q3, make sure the insulator is in 
place correctly. Use a heat transfer compound between the tran- 
sistor, insulator, and heat sink. Be sure to use the proper length 
screw for replacement, 


2. If the heat sink is removed from the side frame, be sure to use 
the proper length screws to replace it. If the screws are too long, or 
if the washer is omitted, the screws may short the transistors to the 


frame. 
Board Board Board 
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Figure 8-49. Power Supplies, A2. 
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Figure 8-50. Function Block Diagram. 
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